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The presont report is the final one on this project. It comprises the 

material in the following technical reports, which material has been corrected 

where needed, expanded, brought up to date, and put together so that all of the 

studies on a given point are a unit, k review of the literature has been added. 

Summary Technical Report, §1,  Januiry - December, 1948 
" "    n  , #2, January - December, 1949 

Soni-nnnual Progress Report, #3, January - June, 1950 
• " "     "  , #4, July - December, 1950 
• • "     B  , #5, January - June, 1951 
"    " •     "  , #6, June - December, 1951 
"   " "     n  , #7, January - June, 1952 

INTRODUCTION 

Some 2000 species of so-called "wood rots" are known, of which perhaps 200 

to 300 are- commonly Involved in wood deterioration on a practical scale. They 

typically attack woody materials—either as living or de«d trees, structural timbers 

or woody detritus in nature. The wood rots ore the chief fungi, if not the only 

ones, that can attack the oellulose-lignin complex which constitutes wood. In na- 

ture, the useful activities of these organisms are primarily those of getting rid 

of dead organic matter. The undesirable activitos of the organisms are, of course, 

their effects on structural timbers. The very fact that in the degradation of 

oellulosic materials they produce other chemical compounds, suggests that the activi- 

ties of the wood rots can perhaps be turned into economically useful channels. 

Before Intelligent control can be attained of cither typo of activity of the 

wood rots— prevention of wood decay, or utilization of waste cellulosio materials 

by fermentation—it is nccossory to know more nbout the physiology of tho organisms. 

Very little work has been don.i on any aspect of the fundamental biology and chomis- 

try cf ovon a few of these fungi. Much less has on nttompt been made to investigate 

thoroughly and systenatically tho basic functioning of the organisms. The presont 

investigations are a start towards this objective. 

#699 



/- REVIEW OP LITERATURE 
\ (See Bibliography A) 

i.   flBfiBBL MffilUflL ICABflJfi ffioPVCK 8£ 2flflB Bgffi- 

The first intensive study of tho fungi causing wood decay was under- 

taken in 1930 by Falck (23). More recent reviews of the destruction of 

cellulose and oellulosio materials by microorganisms include those by 

Boswell (9), Burkholder and Slu (14), Cartwrlght and Flndlay (18), 

Hartley (33), and Row (75). Harris and Johnson (32) discussed the 

microbiological utilisation and disposal of wood-processing wastes* 

Natural decomposition of wood is the result of successive attack by 

different types of organisms. The initial breakdown is caused by the 

Pfaycomyces. which utilise the water-soluble material, followed by bacteria 

and fungi which attack starch, cellulose, and hemicelluloses. The most 

resistant portions, namely, the lignlfied tissues, are broken down by 
( • 
V 

bacteria and "hlghor" fungi (97). The fungi causing wood decay are mainly 

Basidiomycotosar.d belong to the families Tholeophoraceae, Hydnaceae, 

Polyporaceao, and Agaricaceao (19). The type of fungal decay depends not 

only upon the species of fungus, but also upon the kind of wood and the 

particular portion of the wood being attacked. 

The sequence of species in decay of conifers under natural and 

controlled conditions has been studied by Flndlay (25) and Cartwrlght and 

Flndlay (18). The sapwood is first attacked by sap-stain fungi, then by 

sap-rotting fungi. The white-rotting species of Polyporus are responsible 

for decay of the heartwood. Using the block culture method, Polyporus 

valllantii decayod 55 per cent (by weight) of the block, Polyporus 

versicolor complotoly destroyed it, and Coniophora cerebella. Merulius 

( lacrvmans. and Lenzltea trabea degraded up to 70 per cent of the block. 

The brown-rots were found to preferentially attack conifers, whils the 
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white-rots generally attacked only the hard woods. Two species were rarely 

Isolated from the same region of the wood, presumably because of the differ- 

ent nutritional and pH requirements. Experimentally, greater decomposition 

of wood resulted from attack by mixed cultures of fungi (78), or by the 

presence of aaprophytic bacteria (78, 94). The rate of natural decay then, 

would seem to be dependent upon the availability and concentration of 

food, the presence of various inhibitory substances, pH, and other growth 

conditions. 

Conditions for growth of wood-rotting fungi 

The wood-destroying fungi are, in general, mesophilic and may be 

separated into three groups according to their temperature requirements. 

The majority grow optimally within the range of 24-30°C, while others 

prefer a higher temperature (30-34°C), and a few require a lower tempera- 

ture (20-24°C). Several investigators have studied the optimum tempera- 

tures for growth on either agar (18,86) or wood blocks (16), and also the 

temperatures lethal to the organisms (16, 61). Humphrey and Slggers (37) 

surveyed the temperatures for optimal growth of 64 species of wood-rots 

grown on two different media. The optimum temperature was determined by 

measuring the growth increment on Petri dish cultures after one or two 

weeks Incubation. The optimum temperatures, temperature range, and maxi- 

mum inhibitory temperatures were tabulated. 

The wood-rots, in general, prefor on acid medium for growth. The 

optimum for some species may range as low as pH 3. During growth tho pH 

of the culture fluid or substrate usually becomes lower due to the produc- 

tion of organic acids (85,94,98,102,103). Tho brown-rocs produce more 

acid than the white-rotting species (3). Thaysen and Bunker (94) found 

that although many fungi prefer an initial acid reaction, the presence 
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of alkaline salts, for example, sodium carbonate, stimulates the rate 

of decay of wood, presumably by neutralising the organic aoids produc- 

ed by the fungi during growth. The Increased decomposition of wood In 

the presence of saprophytic bacteria has been postulated to be due to 

a similar neutralization of toxic metabolic products* The moisture 

requirements of the wood-rotting fungi are variable. Most of the 

studies relate moisture requirements to the rate of decomposition of 

wood (80,98). 

The wood-rots hare been successfully grown using the surface culture 

technique on both solid and liquid substrates. Recently, however, the 

shake culture method, originally introduced by Kluyver and Ferquin (50), 

has replaced other methods, especially in . physiological studies of fungi 

in general (42,43,44,45,46,60). Foster (28) gives a comparative physiology 

of surface vs. submerged growth. Be states that surface culture is entirely 

inadequate because it represents only the over-all result of the metabolic 

processes of an heterogeneous mixture of physiological systems. Submerged 

culture, however, provides physiologically homogeneous fungal material 

since all cells are uniformly exposed to the environmental factors, both 

physical and chemical, during tho growth period. Certain chemical changes 

In submerged fermentations were reviewed by Koffler et al (51), and the 

effect of shaking on oxygen diffusion was studied by Storks and Kofflor (88), 

Burkholder and Slnnott (13) investigated the morphology of 150 species of 

fungi, Including some Basidiomyoetes, in liquid shake culture. The 

mycelial masses were characterized as being either globous or Irregular, 

hirsute or smooth, and eithor hollow or solid in texture. The type of 

intermycellal fluid was also studied. They also discussed the effects of 

environmental conditions on these characteristics. 
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In order to use the submerged culture technique for quantitative 

measurements of growth, conditions necessarily must be constant. The 

rate and total amount of growth depend upon the site and type of inoculum 

(28),    It has been found that a closer check of replicate cultures and a 

shorter lag period in initiation of growth are attained if fungal mycelium 

is fragmented (a Warinj blender is usually used) (21, 77). Time of blend- 

ing, washing and suspending of fragments, end amount of suspension used 

for the inoculum are important factors. The effect of size of inoculum 

was investigated by Kitay and Snell (47). The organisms may store (some 

may adsorb) several times their requirements of vitamins when grown on a 

vitamin-rich medium. The amount of inoculum transferred to a vitamin- 

deficient medium, therefore, is critical, and repeated transfer is noeossary 

to eliminate oarry-over of vitamins. 

-      Nutrition of the wood-rotting fungi. 

The nutritional aspects of the wood-destroying fungi have not been 

studied extensively, and until recently a chemically-defined medium for 

growth had not been developed, excellent growth has been obtained in a 

variety cf non-synthetic liquid media such as bran or malt extract with 

supplements of yeast, nitrogen compounds, etc. (104). Various synthetic 

or semi-synthetic media have beun developed for growing basidiomycetous 

fungi (1,36,39,55,62,69,89,93) and related organisms (10,30,83,87). Host 

of the media, however, contained certain organic supplements the exact 

nature of which is unknown. Studios to detormlne nutritional requirements, 

especially vitamins, would have little significance if such media were 

employed. Perlman (70) has developed a completely synthetic medium for 

culturing Polyporua ancepj. which contains glucose, inorganic nitrogen, in- 

(: organic salts, trace elements, and thicmine. 

Nitrogen utilization was studied by La Fuze (55) who found that growth 
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decreased as the nitrogen constituent became simpler} that is, proteins, 

casein, gliadin, gelatine, peptone, anlno acids, and inorganic nitrogen 

sources, respectively, resulted In decreasing amounts of growth. According 

to his studies, sodium nitrate and urea were non-nutritive, while proteins 

high in tryptophane, ammonia, or glutamic acid favored growth. Washburn 

and Niven (99) suggested that several interrelationships existed in asino 

aeid assimilation. fl*? found that several amino acids were deamlnated and 

then the carbon chains were amlnated to form glutamine units. Knight (54) 

found that certain test f-irri contained L-omino acid oxidaae and probably 

only tho L-form could be mooaboliied. 

Tally and Blank (93) studied certain factors influencing utilisation 

of inorganio nitrogen. TV 7 included the source of carbon, the presence 

of hecvy metals, and moet particularly the vitamins added. The latter were 

introduced in tho form of yea3t supplements so that error due to the intro- 

duction of contaminating substances was not eliminated. Brickeon et al (12) 

demonstrated antagonistic effects upon growth by an improper balance of the 

concentrations of amino ecids end proposed that inoJ.bition of growth by a 

particular amino aoid fas prcbf.bly due to prevention of amidation of the 

glutamic aoid. In a revent study, Stephens and Hir.shelwood (91) found 

that optimum rats of growth was not dependent upon trace elements, but on 

the addition of a full complement of amino acids. Theoretical kinetic 

relationships were given as supporting evidence. Care must be taken in 

evaluating these oxporiments since it was found that autoclaving amino 

acids, particularly in the presence of sugar, caused partial or complete 

inaotivation of several amino acids (22). 

Various nutritional factors have an effect upon the rate of decay of 

wood, Tho presence of bacteria increases tho rate of decomposition of 

complex plant materials (97) and wood (78,94). Findlay (24) found the 
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/~ ) effeot of nitrogen content to bo variable. Schultz and Kaufcrt (80) found 

that asparagine increased the rate of deoay of pine by Polvporus verslcolor 

and Lensltes trabea. while ammonium nitrate had no effeot. In another 

study, Kaufert and Bear (47), using wood blocks, found that the rate of 

deoay of several woods was not affeoted by urea, ammonium sulfate, or 

ammonium phosphate In small quantities, but large quantities decreased 

the rate. Aaparagine and peptone, in small quantities, increased deoay of 

Southern pine and red oak but had no effeot upon other woods. Rungate (38) 

determined the nitrogen content of various woods before and after attack 

by fungi and found that the rate of deoay was proportional to the initial 

nitrogen content of the wood, Sohaits and Kaufert (81), and Flndlay (26), 

found that addition of dextrose or dextrose plus aaparagine increased the 

rate of deoay of Norway pine by Lons^tos tfrabea. but decreased the rate of 

'        breakdown by Lontinus leoldeus. Dtillsable carbon sources Included starch, 

\     maltose, dextrine, and glucose (55)• 

Several investigators have shown that added nutrilitos (especially 

thiamine) augment the growth of the wood-rotting fungi. Very little work 

has been done to relate vitamin nutrition and the rate of decay of wood. 

In this connection, Burkholder and Snow (15) determined, by fungus ass&y, 

that thiamine was present in wood, especially in leaves and bark. Noeoker 

(62) found that thlamino was on absolute requirement for growth of four 

speoies of wood-rots and that biotln, in some oases, stimulated growth, 

Perlman (70), using a synthetic medium, found that utilization of glucose 

by Polvporus anoepf depended upon the concentration of thiamine; that is, 

inoreased amounts of thiamino resulted in increased utilisation of gluoose, 

which in turn produced a large quantity of mycelium por unit volumo of 

medium. Other growth factors, in addition to thiamine, had no effeot upon 

growth. The whole thiamine molecule was required for the growth of this 
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organism. It has been found that the activity of constituent parts of 

thiamine, namely, thiasole and pyrimidino, varied not only with the species 

of fungus, but also rith the different strains (11,82). Leonian sad Lilly 

(57,58) found that the requirements for the thiamine molecule or its 

oouponenta varied with the source of nitrogen• The importance of other 

nutrilites in oulturing •arious fungi has been reviewed by several workers 

(29,52,53,59,95). Kfcgl (52) found that biotin, thiamine, and 1-lnositol 

increased the growth of several speoies of mushrooms, adenine, guanlne, 

and/or uraoil, although not essential, stimulated growth. 

Several interesting relationships between nutrilites and other metabo- 

lites have been reported. It was found by Carlson et gj (17) that biotin 

was essential for aonosaccharide utilisation but was not required when 

disaccharides were the carbon source, bight (53) found that thiamine re- 

quirement was altered by the presence of either niacin or biotin. The 

latter has been implicated in bicarbonate utilisation (56) and the synthesis 

of aspartic acid (92) by fungi. 

Robbins and Kavanagh (73) obtained luxuriant growth of several thiamine- 

requiring fungi on a synthetic agar medium. Further investigation showed 

that agar contained a higher concentration of thiamine than that required 

for growth of the organisms, Ryan, Beadle, and Tatum (76), in connection 

with the development of the tube method of measuring growth rate of the 

organism Neurosoora. found that biotin was adsorbed onto the glass in relative- 

ly high concentrations. Since the amounts of nutrilites required by micro- 

organisms is extremely small, care must be takon to eliminate all sources 

of contamination before absolute requirements are established. 

Study of the heavy-metal nutrition of fungi was accelerated when the 

importance of trace elements in commercial fermentations was realised (27, 

28,69,70,90), Jarvis and Johnson (41)# and Shu end Johnson (84), respective- 
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ly, studied the effeot of heavy motels on penicillin production sad on 

citrio eoid production. These investigation* suggest a good approach to 

similar studies with other fungi. Schaitt (79) found that the rato of 

deoay of Douglas fir sawdust by Lensltes saeplaria was increased by sodium 

carbonate, bicarbonate, sulfate, and chloride and related this to the effect 

of alkaline soils on the rate of deoay of wood in contact with thorn. 

Kaufert and Sohmits (48) studied the effect of arsenic, sine, and oopper on 

the rate of decomposition of various woods by fungi. Slnden ot al (85) relat- 

ed tho mineral nutrition of certain wood-rotting fungi to their collulolytic 

activity. 

Certain metabolic products of wood-rots 

The major products of aerobic decomposition of carbohydrate by fungi 

are carbon dioxide and cell substance. Various intermediates and end prod- 

ucts have been Isolated and identified from the metabolic fluid and/or the 

mycelium of the wood-rotting fungi. They include several organic acids, 

aldehydes, aromatic substances, products resulting in coloration of the 

substrates, etc. Curtin (19) proposed the hypothesis that wood degradation 

was duo in port to tho adds produced by fungi. Experimentally, he showed 

acid production in molt ogar and In wood sticks. Blrklnshaw et al (3) 

isolated formic, aoetio, oxalic, and citric adds from cultures of Coniopbora 

cerebella on Soots pine. All acids, except the latter, rare isolated from 

wood, so that citric acid ins probably the only true metabolic product. 

Acetic and succinic acids have also been isolated as two products in the 

breakdown of glucose. Fcrlman (70) found that glucose dissimilation by 

Polyporus onceps resulted in tho production of ethanol and acetic and oxalic 

acids. More mycelium was obtained from starch metabolism than from the 

utilisation of an oqual quantity of glucoso. k  similar study was carried 

out by Boswell (8) with Meru}}uo lacrymans. 
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Methyl-p-aethoxycinnamate was Identified *e a metabolic product of 

Lentlnua lopldeus grow on either glucoce or xylose. !!ethyl cinnamate and 

an oster of anisic acid were products of this organise when cultured on 

Soots pine (2,66). Birkinshaw et al (4) identified D-threitol (1-erythrltol) 

as a product of Arnlllarla aellea. Those products are responsible for the 

characteristic odor and/or coloration of cultures of the two organisms. 

Haoada (31) studied the secretory reactions of 9 strains of ^millsrla 

aellea. including luminescence, browning of substrate, guttation from aerial 

mycelium, color of fluid of guttation, and formation of calcium oxalate 

crystals. Be found that these reactions were dependent upon the nitrogon/ 

carbon ratio of the medium, except the browning of the substrate, which 

resulted from the oxidation of peptone and so varied only with the nitrogen 

concentration. 

Other metabolic products of the wood-rots Include various ensymes, 

antibiotic substarces, and pigments. Herd et al (63,64,65,67) have exten- 

sively studied the ensymes involved in the action on glucose, xylose, 

raffinose and oollulose, and the mechanism of wood decay. Vitucci et al 

(96) studied tho dehydrogenases of several spooies of Merullus and Pomes 

annosus. Boso and Sarkar (7), and Bose (5), also studied the oellulolytlo 

ensymes of the wood-rots. Considerable work has boon done on tho produc- 

tion of antibiotics by wood-rots (6,40,72,74,100,101). Harvey (34) screen- 

ed 500 Basidiomycetes for their antibacterial activity. The percentage 

of active organisms was found to be relatively small. Figment production 

by a wood-rot, Lonsites trabea. has been studied (20). 

C 



o 

c 

11 

REVIEW OF LITERATURE 
(See Bibliography B) 

B. nMfflamic iflggi g aaaaag 
NATURE OF CELLULOBIC MATERIALS 

"IPW ftlM9ff 
Pure celluloao is rarely found in nature. Rather, it occurs most 

frequently in intimate association with other materials. Since these 

latter substances often effect the reactions of cellulose, an attompt 

will first bo made to elucidate the nature of the substrate which may 

be attacked by collulolytio and associated ensymes. 

The seed hairs of many plants, such as cotton, are composed of nearly 

100 per cent cellulose, free from other substances, and are tho purest 

form in which it occurs in nature. The empirical formula (G(fii(fi^)n 

indicates tho fundamental structure of colluloso to bo a hexoso anhydride. 

Complete hydrolysis of cellulose produces a nearly quantitative yield of 

glucose; the qualitative relationship between the two substances has been 

known for moro than a century and a half. Data supporting the classical 

theory of cellulose structure are exhaustively discussed elsevhero (24, 27, 

44). Here it may be pointed out merely that cellulose is made up, basic- 

ally, of B-D-glucopyranoso units joined by 1, 4-glycoaidic bonds. The 

cellulose fiber is composed of chains of those residues, varying from 

extremely long chains containing hundreds of glucopyronose units, down to 

a fow cellobioae or even glucoso units. The generally assumed hydrogen 

bonds between parallel chains partially account for the lateral union of 

tho chains. Further, the primary chain molecules are joined by a linkage 

involving their terminal open chain glucose units united by a cellobiose 

moloculo (24)* 

X-ray data support the B-D-glucopyranoso structure theory and, more- 

over, demonstrate the crystalline nature of cellulose. The long-chain 

molecules are organized Into parallel bundles by the previously 

ri-.-+*ir**  i9*«r,?l c>*v>*lve forces. The bundles so formed assume a 
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crystalline structure called ft micelle. Separating the crystallites 

are areas which do not show the crystalline pettern, presumably be- 

cause the arrangement of the molecules is less parallel. The cellu- 

lose fiber is, then; a Mphasic system; the phase, crystalline or 

amorphous, depends upon the physical organization of the constituent 

chains. It is thoughfthat the less organised spaces are more easily 

penetrated than the micelles and that those reactions involving pene- 

tration of the cellulose fiber are accounted for by this structural 

difference (24). 

Wood Cellulose And Other Wood Constituents 

The cellulose of wood, which comprises a large portion of the 

woody structure, is thought to be identical with ths "true" cellulose 

previously discussed. Several sets of data support this contention. 

Wise (43). in a discussion of the work of Heuser and Bosdeker, as well 

as that of several other authors, presents evidence strongly in favor 

of the contention that weed cellulose is identical with other celluloses, 

More recently, la their review, Nord and Vitucci (24) have concluded 

that this opinion is justified. 

The natural breakdown of wood cellul-'se, however, may be markedly 

influenced by other wood constituents. For example, wood-rot metabolism 

is critically affected by the extractive content of wood. In tin 

aggregate, or possibly alono, volatile oils and acids, tannins and 

other extraneous substances are inhibitory to wood-decomposing fungi 

(16, 34» 39). Although extractives may be stimulatory in extreme dilu- 

tion (39), higher concentrations are fungistatic, more is lethal. 

The other major component of wood, lignin, which is found in 

intimate association with cellulose, has a definite effect on cellulose 

destruction. The protection against mierebisl destruction afforded by 
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/~ lignification is amply illustrated by a comparison of the rates of 

decay of non-lignified or slightly-lignified materials, such as 

cotton or leavoo, with those of more highly lignified substances such 

as wood. With an increase in iignlficatlon there has been shown to 

be an Increase in resistance to microbial attack. 

The molecular structure of llgnin, while not completely established, 

consists basically of phenyl propane. The molecular weight is, at 

present, thought to be about 840, with an empirical formula Ci^HLgO^, 

In addition to the basic skeletal etrueture, several hydroxyl and methoxyl 

groups have been found. There is evidence, too, of one oarbonyl 

group and one enollc group. Braims' formulation, which indicates a 

keto-enol isomerlsm, beet, agrees with reviewed data (24). 

The manner in which wood cellulose is bound to lignin is a matter 

i of prime importance, since resistance of the eellulose-llgnlc complex 

to ensymio attack may well be due to the nature of the union. The 

kind of union between lignin and cellulose is highly controversial* 

Consideration of the cellulose maoromolecular structure leads 

to the conclusion that the introduction of a unit as large as lignin 

into this structure would result in serious distortion, probably to 

the point of molecular disruption (27). This militates against the 

concept of a strong ohcmloal union, also, as previously noted, wood 

cellulose and other celluloses are probably identical. This Implies 

that a strong chemical linkage with lignin is highly improbable, al- 

though it will admit the possibility of on occasional chemical bond( 

between lignin and the surface units of the cellulose macromolecule. 

Nord and Vitucci (24) have reviewed the evidence supporting both 

the chemical bond and physical union concepts. They conclude that 

oxparimontal data are in favor of the non-existence of a chemical 

O 
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linkage, while the evidence for at least some of the llgnln being in 

a free state is incontrovertible. The effect of particle else on 

cellulose degradation offers further corroborative data, finely- 

ground wood particles being acre readily attacked than large particles 

or intact wood. 

MICRQBIaL ACTION ON SUBSTITUTED CELLULOSES 

In addition to their well-known ability to attack natural oellu- 

losio materials, microorganisms may exhibit hydrolytic activity on 

cellulose derivatives. Several substituted celluloses have been ex- 

aminod far their ability to resist enzymatic action. With the Increas- 

ing use of cellulose derivatives for myriad commercial products, this 

aspect of the cellulose deterioration problem assumes on increasing 

economic importance. 

That cellulose can be rendered more resistant to microbial at- 

tack by chemical substitution has been known for some time. One of 

the earlier (1921) published reports was that of Doree (9), who noted 

the resistance of cellulose acetate to tho miorobial action of sea 

water. This property of cellulose acetate has been confirmed by sever- 

al investigators. Recent publications (5, S» 17, 36) dealing with the 

dogradation of substituted cellulose indicate 3ome of the applications 

of such studies. In the studies cited several oellulolrtic microor- 

ganisms were investigated, using various substituted celluloses as sub- 

strata. The growth response of the organisms was taken as a criterion 

of utilisation. Results showed several natural fibers to be vulnerable, 

only small differences in vulnerability boing noted. Substituted 

oelluloses, on the other hand, showed a wide variation in Immunity to 

attack. Cellulose triacetates were completely resistant to attack, as 

was more highly substituted cyanoethylated oolluloae. Low substituted 
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cyanoethyl oelluloso and methyl cellulose appeared to be attacked, 

however• 

Darby (8) has tested the resistance of several substituted oellu- 

loscs to the action of Mrrotbeclua verruoarla. a highly active cellu- 

lolytio organism. Be found the following to be completely immune to 

attaoki ethyl cellulose, (45-49*5$ ethyoxy), acetyl cellulose (22% 

acetyl D.S., degree of substitution) z 1), triaoetyl colluloso, aoe- 

tyl butyryl cellulose (l6jl butyryl), aoetyl hydrogen phthalyl cellu- 

lose, acetyl stearyl cellulose, tosyl oelluloso (D.S. - 1.29-2.01), 

idotosyl cellulose (D.S. « 1.29-2.01 with 0.60 to 0.86 tosyl groups 

oonvorted to idotosyl), cyanoethyl oelluloso (D.S. * 1.02-2.90), and 

the mercury salts of carboxymothyl cellulose. 

Partial resistance was found in the following! mercorized cotton, 

C ) regenerated cellulose (as cellophane)*, methyl cellulose, carbaxy- 

methyl eollulose as free acids, the sodium salts of carboxymethyl 

cellulose of low, medium and high viscosity, aluminum salts of carboxy- 

methyl cellulose, and oxidised cellulose. 

No significant differences in susceptibility to attack "?ere 

found among filter paper, dewax&d cotton sliver and extracted natural 

linen. 

ENZYMATIC DEGRADATION CF CELLULOSE 

Since ceiluloee is the most abundant organic compound in nature, 

it is not surprising that cellulose-decomposing activity is widely 

found among microorganisms. Cellulolytic organisms may be found among 

the following groups t aerobic ?Jid anaerobic bacteria, ~ome actlnocy- 

oetes, filamentous and higher fungi, protozoa, insects and invertebrate 

animals (41). Somo of th^ae organisms are highly specialised, requir- 

* Darby, (loc. cit.) This is at variance with the report of 
Burkholder and Siu (5), and of Saunders, Siu and Genost (32). 

C 
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/*". ing cellulose as the only carbon source; others, not so specialized, 

may utilise a number of carbon sources, cellulose among them. 

Some interesting Interrelationships exist between eellulolytic 

organisms "Jid non-cellulolytio species. One of the more often used 

illustrations of symbiosis is that existing between the ruminant and 

microorganisms inhabiting its digestive tract. The latter organisms 

produce short-chain acids from cellulose in the food, which acids, un- 

like cellulose, are available for metabolism by the host. This type 

of interdependence among organisms is not limited to the examplo cited, 

as other microorganisms, including protosoo, act in a similar manner 

on behalf of their hosts, which in turn protect and supply nutrients 

to the microbes. 

Deterioration of wood is due primarily to fungi. It is not, 

' however, in most instances oarried to completion by any single type 

of organism. Rather, wood is attacked initially by several non-cellu- 

lolytic types of fungi which utilise the sug-.rs and starches but not 

the wood substanoe. Vhen the nutrients available to these organisms 

are diminished the true wood-destroying fungi invade, causing final 

destruction of the cellulose «nd lignin (41). These latter organisms 

may also utilise carbohydrates other than cellulose. 

flature of the Cellulolytlo Reaction, 

Initial cttack on the cellulose maoromolecule is most likely a 

hydrolytic one. 1hr.  classical view of cellulose hydrolysis, and one 

which is currently widely accepted is t 

cellulose cellobiase 

collulese    <    ^   collobiose   • • ^>   glucose 

Pringshoim (28) showed both glucose and collobiose to be present 

in the hydrolytic products of eelluloso acted upon by thormophilic 
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(" bacteria. However, the possibility of the release of lntraoellular 

ensymes as a result of lysis of cells under conditions of the experi- 

ment is pointed out by Levinson and Reese (17). Further, BflLnlns (15), 

oited by Norman ^-nd Puller (25), was unable to deteot oellobiose in 

the fermentation of cellulose by mesophllic organisms. 

The work of Grassman gt aJL. (10), cited by Levinson and Reese (17), 

in which two onsymes were separated from a dialysed solution, requires 

•       a different representation of the oellulose-xo-glucose hydrolysis. 

The onsymes consisted of a "oellulaae" capable of hydrolysing chains 

having as few as 6 onhydroglueoso units, and a B-glucosidose capable of 

hydrolysing chains two to six units in length but which had little 

action on more highly polymerised chains. The reactions may be repre- 

sented as followss 

(   ) 
1,4 B-polysacoharaae 1,4 B-oligosaccharase 

cellulose •  ^     ^C6^l5°5^n     ^ glucose 

oellulaae       (n32-6)    oellobiase 

a recent publication by Reese et al. (31) represents the reaction 

as follows: 

Cl C, 

native cellulose   > short linear      •• *^ soluble small 
polyanhydroglucose      molecules capable 
chain of diffusion in- 

to the coll 

The Ci step occurs preliminary to hydrolysis of the straight chain by 

Cx. The authors used carboxymothyl cellulose (CMC) as a substrate 

for the detootlon of 0% activity and, in this connection, made the 

following statement, **We are restricting the use of tho term Cx to 

the enzyme capable of hydrolysing the 1,4 B-glucosidio linkage as 

found in cellulose and as measured by the amount of reducing sugars 
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obtalnod by hydrolysis of CMC," Further, "The tern oellulo)ytlc is 

usod in the broader sonso indicating the ability to attack or hydro- 

lyao native cellulose (cotton and f11tor paper). Cx alone is unablo 

to hydrolyso those materials," The enzyme Cx was able to hydrolyse 

starch, poetic acid, alginic acid and baotorial dextran. It was 

found in all oellulolytio organisms tested and In some non-cellulolytic 

ones* 

As previously mentioned, there Is a relationship between the 

molecular structure and susceptibility to ensyme attr.ck. Reese ot al. 

(31) state that in experiments using substituted celluloses, they 

found that a single substituent on oaoh anhydroglucose unit rendered 

the derivative immune to attack. Moreover, as this D.S. (degroe of 

substitution) value decreases there is a decreased resistance to onzymic 

V_) action. While the degree of substitution is a determining factor in 

hydrolysis rate it is Indicated that D.P. (degree of polymerisation) 

is not. 

Groathouse (11) prepared a series of polyhomologous hydrooellulosos 

ranging in D.P. from 1675 to 120. His data indicated no significant 

difference in attack by Myrotheclua verrucaria on the various members 

of the series. This is in accordance with the findings of Siu otf al. 

(36), and with those of Walseth (42), who found no significant relation- 

ship betwoon the ease of enzyralc hydrolysis of cellulose and its 

degree of polymerisation. Groathouse considers that enzymic attack 

is random along the cellulose chain. 

This is at variance with Clayson's end-T7iao attack (7). Since a 

decrease in D P. would increase the number of tcrxinal glucose units 

availablo, an cni-wise attack *ould givo greater reactivity as the D.P, 

doorcases. 
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Using commercial enzyme preparations as a sourea of oellulase, 

and cotton linters, swelled or dispersed with phosphoric acid, as 

substrates, 'talseth (loc. cit.) has found that, as the reaction pro- 

gresses, there is a markod deorease in reactivity of the undissolved 

cellulose Decreased moisture-regain values for the undissolved residue 

Indicate the amorphous region of the cellulose to be attacked most 

rapidly, which could account for the reactivity decrease, since the 

extent of attack would be limited by a decrease in relative amounts of 

amorphous cellulose. 4 comparison of enzymic hydrolysis with acid 

hydrolysis Indicated that the large enzyme molecule cannot penotrate the 

inter-crystalline spaces of the cellulose macromolecule, with the result 

that only those chains which can be contacted are depolymerized. The 

residue, them, was highly polymerised, * though much of the sample was 

dissolved. The hydroniue ion, on the other hand, could penetrate the 

cellulose structure and hydrolyze the more interior chains with the 

result that hydrolysis, to the extent of appreciable weight loss, results 

in a low-polymer residue. 

Cellulose treated with phosphoric acid prior to ensyrae action, re- 

sults in a "high reactivity cellulose" due to a swelling of the cellulose 

structure, thus facilitating onsymc penetration. Reactivity increases 

as the length of treatment time increases with the resultant extension 

of the crystal lattice (42), 

THE TJOOD^ROTS AS CELLULCLTTIC GRGWISIS 

As previously pointed out, the wood-rots play a loading role in 

the ultimate destruction of roody materials. Numerous organisms, in- 

cluding a Uiy fvrgi. bacteria, protozoa and ^vortibratea, are possessod 

of enzyre sy&tcjis capable of degrading nntur;J.ly-oecuring cellulosio 

material. The wood-rots, horevur, ars uniquo ".mong cellulose destroyers 

5\ 
C- 
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in that they are able to onzymatically degrade Unified material. Decom- 

position of ligno-oelluloae, according to Cartwright and Findlay, (6) 

ia restricted to cortain Baaidiomycetes and a few Ascomycetes. In view 

of this unique aVility, it is somewhat ourpriprng that the enzymo 

complex of wood-rctb hue been the subject of relatively little investiga- 

tion. 

There are t*o principal types of wood decay brought about by wood- 

destroying fungi. In cither type celliilose is dagradod; the white rots 

also degrade lignia, while the brown rots do not attack this latter sub- 

stance, 

Zvller (1,5)  was among the first to ir»octigate the wood-rots for 

enzyme content. He found a cel3ulr.se, among sovoral other onzymos, to 

bo present in Lenaltes saeptaria. The vogetative mycelium contained 

groator anounts of enzyme than the sporophore tissue. Later, Schmitz 

and Zeller (35) reported a similar group of enzymes occuring in Armil- 

laria aolloa. Daedalea confragosa and Polyporus luoidus. Bose and 

Sarkcr (4) made an important contribution to the study of wood-rot 

physiology when they found, in eight species ->f Polyporaceae,  the ex- 

tracellular enzymes in general to be present in greater amounts than 

the corrosponding intracellular enzymes. The extracellular nature of 

many fungal onzymos was thus established, pointing out the inadequacy 

of somo oarlior experimental work in which, for the most port, mycoli- 

al extracts, and inferior cmyme source, were used. Confirming the 

earlier wovk of Zeiler (45), Bose an--- Sarker (4) found tho vogetative 

mycelium superior, as a source of enzymes, to fruiting or about-to- 

frvi". atvu^tx-eo . 

Fleeti v'/*)» using prcs3 juice from f^ruli y. .'ic.rjTnnnat procipi- 

tated the enzymes with alcohol-ether. He found coliuloso to bo feobly 
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attacked, and then only by preparations from oldor cultures. Liohenln 

and cellobioso, however, were vigorously attacked. 

In his review, Bose (3) points out that only about two dozen 

wood-rots hrve been studied with regard to their enzyme aotivity. More 

recently the problon of cellulose dissimilation has been studied by an 

investigation of tho end products of wood-rot metabolism. Birkinshaw 

ojt a^L. (2) found Conlophora cerebella to produce acetic, formic, citric 

and oxalic acids. Oxalic acid has been demonstrated as a metabolic 

product of Poria vaillantii (30), and Morullus lacrvn^ns. Lentinus 

lepidous. acting on wood, givos rise to methyl-P-methoxyclnnaoate as a 

metabolic product (1). Since this product is also produced by the fun- 

gus acting on glucose (24), it appears to corroborate the theory that a 

preliminary stop In wood degradation is a hydrolytic action in which 

/ ~\ glucose is produced. 

In a series of papers on the biochemistry of wood-rotting fungi, 

Nord ot ai. (18, 19, 20, 21, 22, 23, 24, 40), have presented considera- 

ble evidence of the fate of cellulose utilized by wood-rots. They fol- 

lowed tho stopwise dissimilation of glucoso to various end products. 

Glucoso breakdown, in many cases, is principally to oxalic acid. Also 

produced, in greater or lesser amounts, are ethyl alcohol, aootic acid, 

acotaldohydo and suooinic aoid. 

Oxalic acid, in those instances where it is produced, apparently 

results from the oxidation of acetic acid, which may be converted to 

oxalic acid by either of two metabolic routes (24)* 

Further work, in which purified cellule, c, wd in some cises 

wood, «oro used as substrates showed tho same metabolic products to 

v_ ' be elaborated as when glucose was usod. Prom this, according to tho 

authors, it would be Justified to postulate a mochanism for cellulose 
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degradation by a consideration of the phase sequence of glucoso dis- 

similation. The theory of preliminary hydrolysis, previously mentioned, 

is further strengthened. 

Nord gt al. also made an examination of residual oellulose and 

showed an increase in reducing power as oxalic acid increased, indi- 

cating the organism (Coniophora cerobella) split the 1,4 glycosidic 

bond, giving rise to new reducing groups. This would overshadow that 

possible action which would split hemiacetal linkages with its resultant 

diminution of reducing power. 

O 
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GENERAL AffD SPECIFIC OBJECTIVES 

This research has a* its broad objective a fundamental study of 

the nutrition and physiology of the wood-rotting fungi. These organ- 

ises - - classified as Basidioaycetes - - include the eo-called "brown 

rots" and the "white rots" which primarily attack, respectively, the 

cellulose and the llgnln of the oelluloss-lignin complex of wood. It 

is hoped that these studies may contribute to the practical problems 

of the prevention of wood deeay and of the fermentative utilisation of 

carbohydrate materials (including waste cellulose), as well as extend- 

ing fundamental scientific knowledge of the organisms, 

sore specifically, thia investigation involves (1), a systematic 

study of the nutritional requirements of representative wood-rotting 

fungi under controlled conditions of artificial culture; and (2), study 

of various aspects of the physiology of selected organisms* Some 43 

species of wood rot? - - representative of different types involved in 

the decay of wood — are presently under investigation. 

Study of the nutritional requirements (1) involves, among other 

things, development of cheaioally-defined (synthetic) culture media for 

growth. Thiti includes the BUftllta^lYft needs of all the organisms for 

"trace" elements and inorganic salts, for nitrogen compounds and carbon 

compounds, and for vitamins or other nutrilites, and the quantitative 

characterization of these nutrients for the optimal growth of the organisms. 

Study of the physiology (2) includes investigation of the cellulo- 

lytic enzymes, which are responsible for the primary breakdown of wood; 

O 
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utilisation of various carbohydrates by the organises; datermination of 

the end-products of the fermentation of carbon compounds, including 

waste csllulosio materials} study of oxidation-reduction changes in 

culture and their relation to growth and fermentation} pH and tempera- 

ture optima, and related problems* 

The above studies of nutrition and physiology are fundamental to 

a rational approach to the control of wood decay and to the practical 

applications of the organisms in the fermentation of carbohydrate ma- 

terials to economically valuable products. 
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(  i CATEGORIES OP SPECIFIC STUDIES MADE 

1. Growth of wood rota in non-synthetic culture wedla 

2. Development of purely synthetic (chemically-defined) 

media for growth and nutrition studies 

3. Utilisation of different forme of organic and inorganic 

nitrogen 

4. Utilisation of different carbon compounds 

5* Growth curves of the wood rots 

6. Vitamin requirements, substitutions, components and 

synthesis 

7. Optimum temperature for growth 

8. Optimum pB for growth 

( 9. Oxidation-reduction potential (Eh) in relation to growth 
v 

10. Development of synthetic media optimal for growth 

11. Separation and concentration of cellulolytic enzymes. 

12. Development of "cellulose assay tube" for rapid determination 

of oellulase activity. 

13. Production of organic acids by wood-rotting fungi 

14. Pigment production 

15. Production of fungal polyaaccharides 

16. Method for determining cellulose breakdown in sawdust 

17. Large-scale growth of wood rots in aerated liquid culture 

18. Fermentation of sawdust, bark, and other complex carbo- 

hydrate materials 

19. Respiration studies 

O 
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O LIST OP ORGANISMS USED 

Culture | 

Brown rote— 
Coniophora cerebella 
Daedalea quercina 
POMS mllae 
Pomes offlcinalle 
POMS roeeue 
Poass eubroseus 
Hydnua pulcherrlaua 
Hymnochaata sallel 
Lentinua lspidsus 
Lenaites eaepiaria 
Lenaites atria ta 
Lenaites trabaa 
Marulius lacrymne 
Polyporua batulims 
Polyporue iaaitus 
Polyporue paluetrie 
Polyporue echvelnitsll 
Polyporns gpraguei 
Polyporus sulphurous 
Porla ooeos 
Porla incrassata 
Paris luteofibrata 
Ports aontioola (originally 

aicrospore) 
Porla nigrs 
Porla oleracaaa 
Porla vaillantii 
Ptychogaster rubascans 
Tramtee mlicola 
Traaetas serialis 

Whlta rota— 
Aralllarla MIISS 
Poaas annoeue 
Poaas fonentariua 
Poaas geotropua 
Poms pini 
Lentinue tigrinus 
Panlopbora gigantea 
Polyporue ablatlaus 
Polyporue anoaps 
Polyporue fuaoeus 
Polyporue tullpiferus 
Polyporue versicolor 
Porla eubaclda 

* Dr. Roes Davidson, U.S.D.A., Division of Forest Pathology, Beltsville, Md. 

»*Dr. Armando Ruseo, Inetltuto ds Peequlsas TecnologJcas, Sao Paulo, Brazil. 

#2 Braall** 
PP 57076-S U.S.D.A.* 
30336-R « 
P 1276 n 
Snail 11 H 

Snail 20 • 
91027-R N 

#3 Brasll** 
534 U.S.D.A.* 
537 R 

#1 Brazil** 
539 U.S.D.A.* 
PP 94365 N 

585U-S • 

PP 71384 a 

91452 N 

71356-S H 

U857-S R 

48603-S • 
71051 n 

563 R 

PP 94373-R n 

575 a 
71118 W 

198 n 
90877 n 

OTPP 716 R 

71956 It 

11977 R 

PP 46700 It 

90898-ft R 

59009-S R 

555H-S it 

71757 R 

466 It 

56475-5 It 

71429-R R 

58526 n 

#4 Breail** 
Mad.  517 O.S.D.A.* 
57034-R R 

71955 R 

#699 
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The basic routine method for arowinj? the wood rots was that of aerated 

liquid culture (submerged culture)t  using snail flasks on a shaking aachine 

(shake culture), or large bottles with forced aeration. Reproduction of 

bits of the fungus results in the formation of pellets of mycelium, the 

form and amount of which vary with the organism and the nutrient. (Fig. 1). 

Tho submerged culture technique offers several pfaysielogieally-dwiirable 

conditions for controlled growth and, in addition, the large bottles (Pig. 2) 

are useful for the quantity production of mold mycelium, ensymes, or fermen- 

tation products, lost of the work was done with shake cultures (Fig. *), 

using 70 ml. of culture fluid per 250-ml. Srlenmeyer flask. Solutions 

of the nutrients under test constituted the culture fluid. Except in 

studies on pH, all culture media routinely were adjusted so that they had 

a pH of approximately 5.5 after sterilisation. The inoculated flasks 

were incubated on a reciprocating shaking machine (Fig. 3) having a 

atroke of 1$ inches and giving 110 3-inch excursions per minute. Routinely, 

all incubations were at 28°-30°C. for 7 days unless otherwise specified. 

Determinations of pH and Eh were made with a Beckman apparatus. 

The stock cultures of the fungi were carried on potato dextrose agar 

(PDA), then grown in shake culture in a standard 158 malt extract (Dlfco, 

desiccated) broth to produce pellets of mycelium for inoculating the test 

media. A standard amount (0.15 ml., . 0.02-0.03 mg dry weight) of blended, 

washed growth was used for all inoculations, except the first inoculum 

from the PDA. The mycelial pellets were blended in a rtaring blendor for 

1 minute and the material in the resulting homogeneous suspension washed 

by centrif-iglng at 2000 rpm and reautjpending three times. The primary 
e 
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FOMES MELIAE 
M&lt  extract 

DAEDALEA  QUERC1NA 
Malt  extract 

o 
POLYPORUS  PALUSTRIS 

Malt extract 
POLYPORUS  PALUSTRIS 

Bran extract 

LENZITES  TRABEA 
Bran extract 

POLYPORUS  TULIPIFERUS 
Bran extract 

(_ FIGURE    1       REPRESENTATIVE  FORMS  OF  MYCELIAL  PELLETS 
OF  WOOD  ROTS  IN  SHAKE  CULTURE. TWICE NATURAL  SIZE. 
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FIGURE 2. AERATED BOTTLE CULTURE OF WOOD-ROTTING 
FUNGUS. One liter of culture medium in 2-quart bottle. Left: glass- 
fiber filter for sterilizing air; right: flowmeter for measuring rate of 
air flow. 

O 

< FIGURE 3 . DOUBLE-DECK RECIPROCATING SHAKING MACHINE. 
Capacity 270 250-ml. flasks; stroke: l£ inches; speed: +fc€ 3-inch cy- 
cles per minute. ''* 



FIGURE    4.      SHAKE  CULTURES  OF  WOOD-ROTTING  FUNGI. 
70 ml. of culture   medium  in  250-ml. flasks.     Left:   a trace of growth; 
center:   medium  growth (circa   50 mg.);   right:   good  growth  (circa   100 
mg.). 



o 
31 

inoculum Into a given test mediums was growth from tba standard malt extract 

broth, then each of two succeeding serial subcultures }ft that taps test 

medium was started with washed, blended growth from the preceding   one. 

Thus, all data on the growth of a fungus in a given nutrient are based 

routinely on the third, serial, 7-day subculture in that nutrient, using 

controlled inoculum sise.   Experiment showed that at least three such 

successive transfers were necessary In order to minimise or rule out the 

carry-over by the organism of nutrients from one medium to another.    All 

quantitative data on the value of test nutrients are based, unless other- 

wise specified, on the dry weight of mycelium produced In media in dupli- 

cate flasks.    (Nutritionally-adequate media resulted in the production, 

per 70 ml. of medium, of from 50 to 150 mg. (dry weight) of fungal 

mycelium from an inoculum of 0.02-0.03 mg.).    Because many organisms did 

/ not attain their maximum growth in the 7-day Incubation period, the growth 

data actually measure rafr of growth.    The standard error of mycelial 

weights in duplicate flasks was about _ i&.   Flasks for the shake cultures 

were capped with a fresh, 4-inch square of special cellophane (Dupont, 

type /»50 FT) which withstands autoclaving, held in place loosely by a 

rubber band.    (This material deteriorates so that it cannot be autoclaved 

if more than three months old.)    The use of this cellophane is much to 

be preferred to the usual cotton plug which nay Introduce traces of 

contaminating nutrients Into the chemically defined test solutions. 

Also to minimize contamination with unknown nutrients, special care was 

used in cleaning glassware.    Only distilled water was ueed in rinsing 

glassware and In making solutions, and chemicals were of the highest 

purity obtainable.    Controls were run routinely in all tests.   All'media 

V_ "ere autoclaved at 15 pounds (121°C.)  for 20 minutes.    For the basal 

medium, the inorganic salts, glucose and vitamins were sterilised 

b 
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separately, then combined aseptically. After autoclaving, media were 

cooled, shaken for 1 hour on the shaking machine, and inoculated. 

Special procedures for various studies are given below in the 

appropriate sections. 

Preparation of Standard Inoculum 

(1) Transfer oontents of one flask culture (70 ml) to a one-pint 

glass \'axing blondor cup and grind for 1 minute 

(2) Pipette 15-ml of homogenate into 15 ml graduated centrifuge tube. 

(3) Centrifuge for 2 rain at 2000 r.p.m., decant supernatant and pipette 

or pour 10 to 15 ml of sterile distilled water (use individual 

tubes if poured) Into tube and resuaprad fragments. 

(A)   Repeat centrifuging, decanting and resuspending procedures twice, 

(5) The last resuspension is quantitative. Sterile distilled water is 

/" added to a total of 30 times the volume of packed fragmentsj tKOtBBBJBmt for 

example, 0.5 ml packed fragoenta made up to a total of 15 ml. More 

than 0,5 ml of packed fragments can be discarded by removing excess 

myeeliun when decanting in the intermediate washings. 

(6) Inoculum: 0.15 ml of homogonate per 70 ml of medium. 

Note: The blene'c-r cups were covered with the top half of a Petri dish 
(raking an all-glass unit), wrapped in paper and autoclaved for 
30 r.in at 121°C. The centrifuge tubes and tightly-fitting 
rv.btor cape were also autoclaved separately. The tubes of water 
were covered with cellophane or aluminum caps. Selected stand- 
ard pipettes were used to insure olose check of replicates. 

C 
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Most of the nutritional studios Hero carried out using synthetic 

(chemically defined) media. The following base} medium, used routinely, 

supported "minimal" growth of all the organisms investigated. It was used 

for determining utilisation of different compounds of nitrogen, of various 

carbon sources (substituted for the glucose) and of vitamins, and also 

as the basis for the development of quantitatively "optimal" media, vary- 

ing all constituents In numerous combinations. 

TABU: I 

Basal Synthetic medium 

Glucose 

KHgPO^ (K-430, P.342 mg.A.) 

mgSO^.mgO (mg»A9.5 mg.A.) 

Thiamine monohydrochlorlde 

Source of nitrogen 

Ifrco elements 

B (as H3BO3) 

Hn (as MnCl2.4H20) 

Zn (as ZnSO/.7H20) 

Cu (as Cu5O,.5H20) 

*lo (as (NH^Mo^.AH^) 

Fo {as FaS0^.7H20) 

10.0 ga. Alter 

1.5 gm.Ait«f 

0.5 gm.Alter 

1.00 mg.Aiter 

120 mg.Aiter N (see below) 

0.10 mg.Aiter 

0.01 mg.Aiter 

0.07 mg.Aiter 

0.01 mg.Aiter 

0.01 mg.Aiter 

0.05 mg.Altar 

(. 

To this basal medium a known nitrogen compound under study was added 

in a concentration of 0.012$ (120 mg./liter)  total nitrogen, except that 

amlno acids which were available only as racemio mixtures (DL) were used 

in a concentration of 0.024> total nitrogen, on the assumption that only 

the natural (L) form of the acid might be utlliaable.    Ammonium nitrate 
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eae used In a concentration to give 0.012% ajKBlM nitrogen.    Routinely, 

for purposes other than the etudy of nitrogen eoapounds, glutaaic acid 

was the usual source of nitrogen, and was added in a concentration of 

1.26 ga./liter («120 eg.Alter total nitrogen). 

O 

o 

J 



f 

35 
RE60LTS 

The data herein presented on the nutrjtlon and certain aspects of 

the physiology of the wood rotting fungi are based chiefly on some 40,000 

shake cultures. 

OPTIMUM TEMPERATURE FOR GROWTH OF WOOD ROTS 

Prelininary studies and a review of the literature oade when this 

project was started showed that 28°C was a good "average11 optimum 

temperature for all the organisms. Because only one constant temperature 

room large enough for the shaking apparatus was available, this tempera- 

ture has been used routinely. However, it seemed desirable to determine 

more closely the optimum temperature for the various species used, and 

data for most of these is herein presented. 

The organisms were inoculated onto malt extract (156) agar slants, and 

incubated at 24°, 28°, 30° and 32°C. for, usually, 7 days. The amount of 

growth was determined by visual observation. The apparent optimum tempera- 

ture was taken as that temperature giving the greatest amount of growth, 

while the temperature giving the next greatest growth indicated on which 

side of the apparent optimum the true optimum probably lay. 

Table 2 shows the experimentally-determined approximate optimum tempera- 

tures for most of the organisms. It is apparent that while the great major- 

ity have an optimum temperature close to 28°C, there are a few species for 

which a higher temperature is better (notably Lensites trabea. Poria 

oleraceae. Poria subacida and Polyrorus abietinus). and some which grow 

better at a lower temperature (Fomes roseus- Fomes officinalls. Poria 

vaillantli. Merulius lacrymans and Fomes annosus). Merulius lacrymans is 

the only organism which really grows poorly at 28°C. Theoretically, the 

optimum temperatures would not be the same in shake culture as those 

above-determined on slants, but a few experiments showed that this 

difference is not of practical experimental significance in the nutrition 

work. 



( 

36 

TABU 2 
• 

OPTIMOH TEMPERATURES FOR GROWTH OF ~ OOD ROTS 

Based on visual eatiaation of greatest amount of ayceliua produced on 
•alt extract (1%)  agar slants, adjusted to pH 5.5, and Incubated Vox  7 days 
unless otherwise indicated, at 246, 26°, 30° and 32°C. A / or - after the 
apparent optimum temperature figure Indicates whether the next greatest 
aaount of growth was obtained at a temperature higher (/) or lower (-) 
than the value given. 

Optimum Optiaua 
Orsmnlasi Teimerature Organien Ift«fi|r*ture 

Brown rots - Brown rots (coot.) - 

Porla lucressata* 26- Ptychogaster rubescens 26/ 

Poria aontioola 28- Daedalea querclna 26/ 
Polyporus paluatris 38/ Poria oleraceae 30/ 

Lentinua lepideus 26/ Poria luteofibrata 26- 

Foaes eubroseus 26/ Merulius lacryaans* 24/ 
Lenaltes trabea 32 Polyporus sulphurous* 26- 
Fomea roseus* 24/ White rots - 

Foses aeliae 30- Polyporue tulipiferue 28- 

Foaes officiaalis* 24/ Polyporus anceps 26- 

Porla xantha 26/ Andllarla mellea* 28/ 
Porla oocob 26/ Peniophora gigantea 26/ 

Poria nlgra 26- Poria subaoida 30/ 
Poria walllantii* 24/ Foaes foaentarius 26/ 
Polyporue spraguei 26/ Polyporus versicolor 28* 
Polyporus betullnus 26/ Foaes annosus 24 
Polyporus iamitua 28- Lentinua tigrinus 28/ 

Polyporus sohweinitsli   28- Foses geotropus 26/ 
Lanaltes saeplaria 26- Polyporus abietinus 32 
Trametea serialis 28- Foaes pinl 26/ 
Hydnua puloherrlava 26/ Polyporus fuaosus 28/ 

Lenzitea striata 26/ 
Coniophora oerebella 28/ 
Tramatoa malioola 28/ * 14-day culture. 
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GROWTH OF WOOD ROTS IN NON-SYNTHETIC CULTURE MEDIA 

For orientation, and as a preliminary to the development of purely 

synthetic (i.e., chemically-defined) media, it was desirable to determine 

certain growth characteristics of wood rots in non-synthetic ("natural'1 or 

artificial) media. The media used were chosen because previous work had 

shown that some of the wood rots made good growth in them or because of their 

cheapness, nutritional qualities, or other desirable characteristics. 

The following nutrient solutions were used for shake cultures of 

the v&rious fungi, the concentrations (on a total nitrogen basis) being 

shown in Table 3) malt extract (Difco, desiccated), corn steep liquor, soy 

bean meal / glucose, ethyl stillage (condensed molasses distillers' solubles— 

trade name "Curbay B-G", U.S» Industrial Chemicals), peptone (Difco), peptone 

/ glucose, gluten (Central Scientific Co., technical grade) / glucose, and 
( .' 

casein hydrolysata ("vitamin-free", General Biochemicals) / glucose / 

thiamin / inorganic salts. The"initial pH« given is that of the sterilized 

but unadjusted medium except for the casein hydrolysate, --rhieh was adjusted. 

Except for casein hydrolysate alone, all nutrients contained various vitamins 

in unknown amounts. The vitamin added to the vitamin-free casein hydrolysate 

was thiamin only (l gamma (Y) per ml, of medium), which we had previously 

found to be the most essential nutrilite for the growth of wood-rotting fungi. 

The inorganic salt mixture used in the casein hydrolysate medium is the 

"trace element" mixture of the basal medium (Table 1), 

The following 32 representative wood rots were tested in shake culture 

with the above nutrients» bro^n rots—Fomos rosous, Fomes subroseus, Foines 

meliae, Fomes officinalls, Porla incrassata, Poria xantha, Poria roontlcola, 

C ) Porla cocoa. Poria njgra. Poria oleraceae. Poria vaillantli. Polyporus 

8praguei. Polyporus betulinus. Polyporus palustrls. Polyporus immitus, 

Polyporus schweinltzii. Lenzites trabea, Lenzitss saepiarla, Poria luteo- 

fibrata, Merulius lacrymans, Lentinus lepideuq. Trametes serialis, Hydnum 

rwmi 
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(~ puloherrlaum, Ptyohogaatsr ESSSJSSB1» SSfifeltfi 938£2lmt* white rots— 

taHnarn tuiipiferus. poivpoms TT«iooior. pjajafaaa rtaatei mPmUliCmg 

jallea, »orla svhaolda. fomea EmWtiiEmmf> EMM MIBBmml' Stock cultures of 

those organism are curried on potato dextrose agar. 

To illustrate the data obtained, results of the growth of a representa- 

tive brown rot, Poria xantha, in different nutrients are shown in Table 3. 

Corresponding data have been obtained for the 31 other wood rots named 

above. Estimation of the amount of growth was done visually, with the 

greatest amount, regardless of organism or nutrient, being recorded as "Af 

The results of all third-transfer observations of the growth of 32 

wood rots in 8 non-synthetic media may be summarised as follows. 

1. All of the fungi tested grew to a greater or lesser extent in all of 

the nutrient media used, but with marked differences in the amount of growth, 

depending upon the medium. This indicates the diversity of nutrients for 

minimal growth ant1* at the same time points up the differences among various 

species as regards optimal nutritional requirements. 

2. The fungi producing the greatest amounts of growth were Ptychogaster 

rubescens in malt extract and in gluten / glucose; Poria vaillantll, Daedalea 

querclna and Polyporus betulinus in malt extract) Polyporus schweinitsll in 

corn steep and in gluten / glucose; Pomes offlclnalls in soy bean mail / 

glucose; Poria inoraesata in ethyl stillage and in gluten / glucose; Poria 

xantha and Femea mollae in gluten / glucose; Poria cocoa in ethyl stillage; 

and Polyporus immitus, Polyporus versicolor and Femes annosus in casein 

hydrolysate / glucose / thiamin / inorganic salts. These results show that 

there are differences in optimal nutritional requirements among various 

specios of fungi and also suggest the nutritionally "best* media of those 

tested. 

3. A greater number of the fungi gave good growth in casein hydrolysate / 
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GROWTH CHARACTERISTICS OF WOOD ROTS IN «ARIO© NON-SINTHETIC MEDIA 
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Seven-day shake cultures, third transfer. Growth estimated visualLy? 
greatest amount«4. Nitrogen pereantage refers to that in the solution used. 

Organisms Porla attttl 

(Nitrogen s 0,01236) TNitrogon • 0.16*) 

Amount of growth  1 

Pellet else    medium 

Initial pH     4.4 

Final pH       2.6 

gaiztanft 3J 

Amount of growth     1 

Pellet else medium 

Initial pH 6.4 

Final pH 8.3 

? 

( 

(. 

orn steep liquor 
Nitrogen = 0,012$) 

Amount of grswth  2 

Pellet size medium 

Initial pH 4.3 

Final pR 2.6 

SOT bean meal 
* elueose 1* 
(Nitrogen = 0.01256) 

Amount of growth 1 

Pellet size irmdium 

Initial pH 6.0 

Final pH 3.3 

Ethyl stillage 
("Coi-bav B-G") 

Amount ef growth  2 

Pellet size    mixed 

Initial pH     5,4 

Final pH       5.6 

Peptone 1& 

[Nitrogen = 0.16*) 

Amount of growth  1 

Pellet sise    medium 

Initial pH     6.1 

Final pH       4.2 

ftuten 1% 
tf glucose ;% 
(Nitrcgeu - 0.12*) 

Amount of growth  3 

Pellet size    small 

Initial pH 6.7 

Final pH 1.8 

(Nitrogen = 0,012$) 

Amount of growth  2 

Pellet size    small 

Initial pH      5.2 

Final pH       4.0 
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Q    gluocw / thi-ta ^ inorganic .It. than In any cth.r Mdlnn5 gluten / glucoM, 

and ethyl etillage were close seconds* Peptone, and peptone / glucose were 

the poorest media as regards the majority of fungi, while malt extract, corn 

steep, and soy bean meal / glucose were intermediate for the greatest number 

of fungi. These data (with controls) show that thiamin is necessary for most 

of the fungi used, and suggest that it is the only essential vitamin. It alee 

is clear that certain of the "natural" or artificial nutrient mixtures are not 

in general as good "balanced" diets as others, 

U,    In general, as a result of the metabolism of the fungi In shake culture, 

there is an Increase In acidity of the medium. Often this is quite marked; 

a pfi of around 2 is frequently attained, particularly In the media containing 

added sugar. The lowest pH values reached were not uniformly characteristic 

of any particular species of organisms or kind of nutrient, 

5, The rvlef exception to the generalization that acid is produced in shake 

culture is, as one might expect, the peptone medium. This is the only nutrient 

medium which does not contain sugar. The final pH In this medium is alkaline 

In the case of about half of the species of fungi used, and only slightly acid 

with the remainder. Presumably this results from the production of ammonia, 

6, The size of the pellets of growth appears, in general, to be: more 

closely correlated with the*type of nutrient than with the species of organism. 

For example, pellets of growth In malt extract were invariably small for all 

species of fungi. In corn steep, a good majority of the 32 species formed 

small pellets, although a few produced pellets of a*£l••&.  il**-. In the 6 other 

nutrients, tha pellet size was small for about half of f.ha fongi, and larger 

with the remainder. There was little tendency, however, for a given species 

to produce the same size of pellet in different media, 

7, Although the form in which the nitrogen occurs is not known for all of the 

media used, it is clear froa the results with casein hydrolysate that the fungi 

ea*i iitniae r>.1tre<»w 1* » frtvw at !)A«at as almrde ns njiino a/iiita Mifl/r*»* ©olvtwtMf 
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This Motion deals with orientation experiment* on the development 

of synthetic, i.e., chealcelly-defined, eedia for growth of the wood rota. 

Definition of the nutritional requirements of these fungi in terns of 

known eheaioal compounds, and particularly their nitrogen and vitamin 

requirements, is basic to an understanding of their activities in attack- 

ing wood, and to a study of other aspects of their physiology.    The 

general approach in this work has been that of trying progressively 

simpler nitrogen compounds, together with various nutrilites.   All of this 

work was done using shake cultures as described in the section above and, 

for the reason previously explained, all data are third-subculture 

observations. 

Is the development of the synthetic media, only two representative 

wood rots were studied in detailt   Pol^qoros palusfrrls. a brown rot, and 

Polyporus tullclferua. a white rot.    The amount of growth produced after 

7 days, with our standard shake culture technique, was used as a measure 

of the nutritive value of the synthetic media.    Since the mjyjnjmj Hggft 

of growth is not necessarily attained within the 7-day period, we are 

actually basing our comparisons on rates of growth.    Measurement of the 

amount of 7-day-cld growth in the various media has been quantitative 

throughout, using, in each case, the oven-dry weight of aycelial pellets 

produced in our standard shake flask with 70 ml. of medium.    This weight 

is expressed as the percentage of the oven-dry mycelial relght formed by 

the same organism in 1% malt extract medium, whirh is a non-synthetic 

nutrient.    (The even-dry weight of aycelial pel]9-r. obtained after 7 days 

in our standard shake culture averaged 0.1027 gr..  for P, paluetria. and 

V_ 0.0694 gm. for P.  tvllnlferw. with a standard error of £3-4$).    The 

asovnt of growth obtained in 1% malt extract (total nitrogen - 0.00A5&) 
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is used merely as a datum point for comparing the synthetic asdia 

Q        ttwitliw m tn «aIa«M* ftfri.BttiTita fculi (0.012$). Growth m 3$ 
•alt eztraet (total nitrogen - 0.012$) la too gummy to be separated froa 

O 

the medium for accurate weighing. 

For comparing synthetic aedia, a basal aediua of glucose (sterilised 

separately) and lnorganio salts was used In every oase (Table 1).    To 

this basal Bedim the other constituents (nitrogen sources and nutrilites) 

were added, thlawln being sterilised separately.    The inorganic salt aix- 

ture was arrived at empirically, and while satisfactory for the tiae being, 

Is not necessarily optiaal In all respects. 

Because of the relatively good growth of all of the wood rots in the 

casein hydrolysate medium (see preceding section), this nitrogen source 

was used as the starting point In developing purely synthetic nutrient 

elxtures.    (actually, casein hydrolysate is a seal-synthetic aediua, be- 

cause the aizture of aaino acids is not clearly defined, but it serves as 

a good basis for further work.)   Starting with casein hydrolysate, a 

nunbor of other organic and inorganic nitrogen sources have been tested, 

with various nutrilites—vitaains, and purlns and pyrialdlae bases—in 

nuaerous combinations. 

The complete list of nitrogen sources so fsr investigated is as 

follows:    casein hydrolysate ("vitamin-free? General Biocheaicals), urea, 

sodium glutaaate, l(/)-arginine (aonohyrlrochloride), l-asper&gine, 

l(/)-cysteino (hydroohloride), l(/)-hi8tidine (aonohydrochlorido), 

dl-aothionine, dl-ornithine (hydrochloride), dl-eerine, dl-valine.    These 

Bitem Bgaaaa MIS alaa adflafl te tta frml •adla M M to gin i 
total nitrogen of 0.012$.    The nutrllitos (vitaains, purine and pyrialdine 

bases) used in various combinations vere:   vitaains—thiamin (hydrochloride), 

hiotln, pyridoxlne (hydrochloride), i-inositol, calcium panthOthenate, 

riboflavln, niacin (nicotizdc acid), follc acid (pteroylglutamic acid), 
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chollna(chloride)j £)£&& basej--guanine (hydrochlorlde), adenln© (sulfate), 

xanthinef JBgUti&M bases—'Uracll.    These nutrilites were used, for the 

time being, ID the following more or less arbitrary, but excess, concen- 

trations *    thlamln, riboflavin, niaein, calcium pantotbenate and pyridoxine — 

1 gamma per |^. of medium; choline and inositol — 2 gammas per £, of 

medium} gaenine, adenine and uracil — 13 mg per liter of medium; xanthlne — 

20 ag. per Xjter of medium; biotin and folio acid «• 2 gammas per 1-j.tor 

of medium. 

All aedia were adjusted to as to give, after sterilisation, a pH of 

about 5.5, which we have found to be the approximately optimum pH for 

the growth of the organisms used.    No atteapt was made to buffer the 

medium.    Reference in the tables to "any1* or to "all" vitamins or other 

nutrilltes means, of course, those listed above. 

 —. ••>• r 
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( ' Table 4 is a very condensed summary of typical average results of 

tbird-subculture observations on P. palustrie in synthetic media containing 

the several nitrogen sources tested with various combinations of nutrilites. 

The standard error of duplicates varied between 0.4 and 6.4$, averaging 4 3*2$. 

In Table 5 similar data are given for P. tuliplferm. Beoause the over-all 

data are as yet incomplete, the summary must necessarily apply only to the 

results so far obtained* 

The main points to date regarding the nutrition of P. paluatris and 

P. tulipiferus may be briefly summarized from Tables 4 and 5 « follows: 

1. Neither of these fungi will grow in the complete absence of added 

nutrilites in any of the nitrogen sources tried. 

2. Continued growth in subculture of either organism is obtained in any of the 

nitrogen sources except sodium nitrate, in the presence of thiamln or biotin. 

3. Apparently thiamln and biotin are qualitatively interchangeable in the 

nutrition of either of these fungi. 

4. Growth is considerably greater with thiamln alone than with biotin alone, 

when the vitamin is present in excess. 

5. Growth In any or all nutrilites other than thiamln or biotin is very 

meager and is not long-continued in subculture. 

6. The use of certain other nutrilites added %o thiamln or biotin often 

stimulates, growth, which in some cases is strikingly in excess of that obtained 

using the same other nutrilites alone.>or thiamln or biotin alone. The effect 

of purine or pyrimldine bases plus thiamln is especially noteworthy in this regard 

7, For maxima?, growth, other nutrilites are needed with thiamln or biotin) 

continued growth — although smaller in amount — is obtained with either of 

the latter alone. 

8. No nutrilite other than thiamln or biotin appears to be essential for 

continued growth, and no other can replace thiamln or biotin. 

C 
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TABIZ 4 

GROWTH OP P. PALOSTRIS IN SYNTHETIC MEDIA 

Basal oedlua plus nitrogen sources and nutrllltes as Indicated. Seven- 
day shake culturesi third transfer. Growth (dry weight) expressed as per- 
oentage of that obtained In 15 aalt extract. 

Nutrilite 

Thiaain Biotin Thiaain Tnlaain 
only only plus plus 

any ctaor inositol 
vitamin ox folio 
except 
inoaltol 

aoid 

or folic 
add 

o 

c 

•ltrogen Souroe 

Casein hydrolysate 

Urea 

Ha glutaoate 

(NH^JCOJ 

. Na NO. 

Arginine 

Asparagine 

Cysteine 

Hlstidine 

Methicnine 

Ornithine 

Serine 

Valine 

O   M 

a 

I 

x a 

1   •» s   -a 
O   M 13 

57 5.4 1.3  45 5.3 1.8 62 5.4 1.5 38 5.4 1.9 

25 5.4 1.8  20 5.5 2.2 26 5.5 1.9 26 5.5 1.8 

75 5.4 1.7  38 5.4 2.1 40 5.3 1.9 

50 5.5 1.9  61 5.5 1.6 60 5.5 1.8 

0 5.5 5.4 0 5.5 5.4 

60 5.3 1.4 

79 5.3 1.8 

20 5.2 2.5 

38 5.2 1.7 

20 5.3 2.3 

58 5.3 1.9 

60 5.3 1.9 

60 5.3 1.7 

0 5.5 5.4 
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TABUS 4 

GROWTH OF" P. PALOSTRIS IN SYNTHETIC IEDIA 

Basel medium plus nitrogen sources end nutrilltes ee indicated. Seven-day 
•hake cultures, third transfer. Growth (dry weight) expressed as percentage of 
that obtained in 1% aalt extract. 

tutrilite 

Thiamin 
and 
biotin 
plus 

any other 
vitamin 
except 
inositol, 
folic acid, 
or choline 

Thiamin 
plus 

all other 
vitamins 

inositol) 
folic acid, 
or choline 

ABX or all 
vitamins 

thiamin 
and 

biotin 

' Thiamin 
plus 

any purint 
or pyrimi- 
dine base 

C 

Nitrogen Source 

Casein hydrolysate 

Urea 

Na glutamate 

(Ha^)2co3 

Na NO 

Arginine 

Asparagine 

Cysteine 

Histidine 

Methionine 

Orni thine 

Serxne 

Valine 

=0. 

I a 
66 5.5 1.6 

26 5.5 1.8 

g 
3 13 

13 

*A 

o 
6 2 

70 5.4 1.6 6 5.5 5.0 89 5.4 1.7 

30 5.4 1.8 12 5.5 5.2 40 5.3 1.9 

61 5.5 1.8 0 5.5 5.5 83 5.3 1.7 

0 5.4 5.4 0 5.5 5.5 
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TABU 4 (COT.) 

GROWTH OF P. PALWTRIS IK SIHTHBTIC MDIA 

Baaal aediun plu» nitrogen aourcee and nutrilitea aa indioated, Sevan-day 
•bain cultural, third transfer. Growth (dry weight) expreeaed aa percentage of 
that obtained in 3J» malt extract. 

C 

Th 
P 

lU 
vit 
tod 
be 

Nutrilite 

ianin 
lue 
other 

eaine 
lU 

•aa 

ABZ or 

£ii baaee 
only 

la 
nutrilitee 

w«. 

1 

In
it
ia
l 
pH
 

Fi
na

l 
pH
 

- a * 1 2 3 
O       W       PN 

w«. 

UlfsaB§fiucsi 
Casein hydrolyaate 92 5.5 1.6 8   5,4 2.6 0 

Urea 43 5.5 1.7 0   5.4 5.4 0 

Ha glutamate 

(MB.) CO, 96 5.4 1.4 0 

NaN03 0 5.4 5.4 0 

Arginine 

Aaparagine 

Cyeteine 

Hiatidlne 

Methionlne 

Ornithine 

Serine 

Valine 
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TABLE 5 

QROTH Of P. tOUPIFSROS IV SIHXHSTIC MEDIA 

Basal aediua plus nitrogen a-jureee and nutrilitea as indicated, Seren-dey 
•hake oulturee, third tranafer. Growth (dry weight) expreaeed aa percentage 
of that obtained in 1% nalt extract. 

C 

Nutrilite 

Thiaaln Biotln Thiaaln Thiaaln 
only only plus 

mi other 
plus 

lnosltol 
vitanln 

• 
except 

lnosltol 

• 

Gr
ow

th
 %

 

In
it
ia
l 

pH
 

Fi
na

l 
pH
 

JB 

In
it
ia
l 

pH
 

Fi
na

l 
pH
 

3 
3 1 - 3 * 5»       <H       H 

j   A   2 
Hl^roqea Source 

Casein hydrolyeate 48 5.4 2.7 25 5.5 3.8 51 5.4 4.5 36 5.4 3.2 

Urea 13 5.4 4.1 6 5.5 4.0 14 5.5 4.3 U 5.4 4.3 

Ma glutamate 60 5.4 4.8 20 5.4 4.1 60 5.3 4.2 

(HH.) CO, 
4 2   3 

40 5.5 4.4 30 5.3 4.5 42 5.5 4.6 

Ba NO 
3 

0 5.5 5.5 0 5.5 5.5 0 5.5 5.4 

Arginine 40 5.3 4.8 

Asparagine 40 5.2 4.9 

Cyeteine 20 5.2 3.4 • 

Histidine 30 5.3 3.9 

Methionine 30 5.3 4.0 

Ornithine 40 5.3 5.0 

Serlne 40 5.3 4.5 

Valine 60 5.3 4.1 
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TABU 5 (CGNT.) 

GROWTH OF P. TULIPIFERDB IN SINl'HETIC MEDIA 

Basal aediua plus nitrogen sources and nutrilites as indicated, Seven-day 
•haka culture*, third transfer. Growth (dry weight) expressed as percentage 
of that obtained in 1$ malt extract. 

Nutrilite 

Thlanln 
and 

biotla 
plus 

ajoi other 
vitaain 

inosltol, 
folio acid, 
or choline 

Thdaain 
pins 

sji other 
•itasdns 
eroept 
inositol, 
folio aoid, 
or choline 

IfiZ ox> ill 
vitamins 
eyoepfr 
thiaaln 
and 
biotin 

Thiaaln 
plus 

any purine 
or pyriai- 
dine base 

<J 

w*. 
5 

•a  * 
•rt 

UttSfSB fiSttflt 

Casein hydrolysate 54 5.5 4.3 

Urea 16 5.5 4.1 

Ma glutaaate 

(NH ) CO- 
4 2 3 

Ma M03 

Arginlne 

Asparagine 

Cysteine 

Histidine 

Methionlno 

Ornithlne 

Serine 

Valine 

f 3 -a i  s  5 i  .3   * 

62 5.4 3.8 

22 5.5 3.9 

44 5.5 4.2 

0 5.4 5.4 

SB 

HI C3       5       £*, 

10 5.4 3.6 81 5.4 4.4 

6 5.5 3.9 38 5.3 4.2 

0 5.5 5.5 68 5.5 4.8 

0 5.5 5.5 



c 

,5C 

TABUE5 (COMT). 

GROWTH CF P. TULXPXFBH6 IV STHTHET1C 1BDI4 

Basal aediua plus nitrogen sourcee and nutrilltea as indicated, Seren-day 
shaks cultures, third transfer. Growth (dry weight) expressed aa psroent&ge of 
that obtained in 1* aalt axtraet. 

Hutrilite 

Thiaain 
plus 

all other 
vitamins 

itfiU 
basea 

except 
inoaitol, 

folio aoid 
or ohollns 

4PJ or 
all bates 

only 

fifi 
nutrilitea 

( 

MJJfaCBMB SSQKSft 

2    3 
1    5    "8 2  3-3 O       H       fe G

r
o
w
t
h
 %

 

I
n
i
t
i
a
l
 
p
H
 

F
i
n
a
l
 
p
B
 

G
r
o
w
t
h
 %

 

Casein hydrolysate 91 5,5 5,4 8   5.4 5.0 0 

Urea 42 5.5 3.9 0   5.5 5.5 0 

Na glutaaate 

(NH ) CO 
4 2   3 

73 5.4 4,5 0 

NaHC- 
3 

0 5.4 5.4 0 

arginlna 

Aaparagine 

Cystsine 

H'.stidine 
• 

Kethionine 

( 
Ornithine 

* 

Serins 

Valine 
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9* The combination of folio acid and/or inositol with thiamin 

appears to have some inhibitory effect on growth. 

10. The amount of growth obtained from PT palustris ie fairly 

consistently greater than that from P. tullpiferus. under the same 

conditions. 

11. P. palustris consistently produces a lower pR than does P. 

tu}.lDifarus. 

12. In general, and except for urea, organic nitrogen sources result 

in better growth than inorganis nitrogen compounds. 

13* The data so far indicate that these organisms cannot reduce 

nitrate nitrogen to amino nitrogen, but can use immonla nitrogen for 

protein synthesis. 

14. The organisms produced about one-half as much growth in the urea 

as in the ammonium carbonate. This suggests that possibly only one of 

the amino nitrogens of the urea can be utilised by the organisms; or it 

may be due to the known toxic effect of urea; or it may be due to the 

higher carbon dioxide of the ammonium carbonate. 

15. The greatest amount of growth (and lowest pH) was obtained with 

P. palustris in ammonium carbonate plus all vitamins and nitrogen bases. 

(Table 4)» This suggests that a high carbon dioxide tension or a higher 

available carbon content is helpful, as the carbonate was probably mostly 

oarbon dioxide at the p H Of 1.4 which was attained. 

16. Of the single amino acids used as nitrogen sources, the least 

growth is obtained with cysteins or methionine. It may or may not be 

significant that these are the only sulfur-containing amino acide of these 

tried. 

The effect of different concentrations of nutrilites in synthetic 

media was explored somewhat before selecting the arbitrary but excess 
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amountB actually used. The concentrations of nutrilites used in Tables A 

and 5 represent roughly the "optimum" levels for maximum growth of 

P. paluatria and P. tuliniferus in casein hydrolysate medium. They were 

determined by using a range of concentration and selecting the concentration 

giving the greatest amount of growth. In some cases even a two-fold 

change in nutrilite concentration resulted in a marked difference in 

growth; in other cases the difference was not measurable. For example, 

increasing the concentration of biotin from 1 gamma to A gammas per liter 

slightly increased the growth of Pt palustrls. but more than out in half 

the growth of P. tuliniferus. With thiamin, a decrease from 1 gamma to 

0.$ gamma per ml. had no effect on {% palustrls. but cut in half the 

growth of P. tuljplferus. Further quantitative study of nutrilites will 

be found in e later section. 

O 
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EFFECT OF CONTINUED SERIAL SUBCULTURE 

( Upon the first subculture of an organism from one medium to another 

of dlfforent composition, some growth often occurs even if the new 

medium laoks essential nutrients. This has been called "growth momentum," 

and is due to the carry-over by the organism (inoculum) of small amounts 

of essential nutritive substances. Thus growth in the first subculture 

should never be taken as an indication of the nutritional adequacy of 

the new medium. Similarly, one sometimes obtains growth in the second 

subculture, i.e., the first transfer from the new medium Into another 

portion of the same medium. Less often does the carry-over of nutrients 

extend into the third subculture, hence it is generally considered safe 

to base observations of growth in the new medium on the third subculture. 

To determine the necessity for successive serial subculture before 

drawing conclusions regarding growth in a new medium, typical quantitative 

observations for 8 such transfers are illustrated in Table 6. In each 

case the original inoculum was that grown in 1% malt extract medium. 

"Subculture #1" refers to the growth, obtained in the designated synthetic 

media, which resulted from the original inoculum. "Subculture #2" is 

the growth, in the designated media, whioh resulted from using as an 

inoculum a portion of the growth in "subculture #1"; and so on. 

The data in Table 6 demonstrate the necessity for using at least 

third-subculture observations as the basis for drawing quantitative 

conclusions regarding growth even in a nutritionally-adequate medium. 

The amount of growth is greatest in the first subculture (because of 

"growth momentum")| it decreases from the first to about the third 

transfer, then levels off and continues approximately constant "Indefinitely? 

( ' ) (In t nutritionally-inadequate medium, growth would decrease, then stop). 

on 



54 

o 
TABLE 6 

EFFECT CF CONTINUED SUBCULTURE IN SYNTHETIC MEDIA 

Growth (dry weight) expressed aa percentage of that obtained in If salt 
extract* Original inoculum was growth from malt extract* 

Canoin hydrolysato Urea as 

Nutrilite Sub- "P. paluitris— P. tulipiferua— P. palubtris— :. tulipiferue- 
culture %, growth % growth %  growth % growth 

1 65 70 32 20 

2 60 55 28 13 

3 57 48 25 13 

4 55 44 24 13 
Thiamin 

5 
• 

55 47 20 13 

6 54 47 22 12 

7 55 47 22 10 

8 57 47 22 10 

1 48 35 22 

2 47 28 20 

• 3 45 25 20) 

Biotln 4 40 26 20 

5 35 24 18 

6 32 21 — 

7 32 16 20 

8 32 15 20 

1 82 75 35 28 
Thiamin, 
bictio, 1 2 69 65 32 23 
ni5.C:tr,  ! 
ribollavi; i 3 70 62 30 22 
edema • 
panto-  | 4 72 62 28 ?0 
thenate, 
pyridoxii? i   5 74 62 25 23 

6 70 60 25 21 

7 70 60 25 22 
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OPTimil pH FOR GROWTH OF WOOD ROTS 

The approximately optimal pH for the growth of 42 species of wood 

rots was determined in shake culture in the basal medium plus glutamic 

acid, as indicated by the amount of mycelium produced in, usually, 7 

days. The initial pH was varied from 3.5 to 6.0, in steps of 0.5 pH, 

for each organism. The results are shown in Table 7. 

It can be seen from this table that while all organisms give good 

growth at the "standard" pH of 5.5, which has been used for most ef the 

work on nutrition, a few species have an optimum as low or lower than 

3.5. This means tb*t the quantitative data in Tables 10 and 11, below, 

are strictly comparable only at the pH (5.0 - 5.5) used, not at the 

optimum pH. 

I 
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OPTZMDM pfl FOR GROWTH OP WOOD ROTS Hi SHAKE CULTURE AT 28°C., 
AT OPTXMUK pH COMPARED Win THAT AT pH 5.5 (3TAIDARD) 

Based on dry weight of ayoeliu* produced In 70 ad. of basal aeditsi (Table 1) 
plus tint—io acid (to 0.012* nitrogen), with Initial pE adjusted to approxlsMtely 
3.5, 4.0, 4.5, 5.0, 5.5 and 6.0, reepectlvely. Standard lnoculu* used. Data are 
for at least duplicate, 7-day, third-transfer cultures unlese otherwise Indicated. 
Growth at options pH expressed aa percentage of that at standard pH 5.5 (nodim 
not adjusted)* A 4 or «• after the cptisua pH figures Indicates whether the next 
greatest aaount of growth was obtained at a nore alkali— (4) or a nore acid (-) 
pH than the Talus given. 

Brown rots — 

Poria lncrassata 

Porla sontleola 

Polyporus palustrls 

Lentlnus lepideus 

Fonss subroseus 

Lsnsltes trabea 

Fones roseus 

Pones aeliae 

Fonss offlcinalis ** 

Porla xantha 

Poria cocoa 

Porla nlgra 

Porla vaillantii ** 

Polyporus spraguei 

Polyporus betulinus 

Polyporus ianitua 

Trsnstss nalioola 

* End of pH-series usud, hence direction of true 
optional pH not known, 

*• Grown in 1% aalt extract. 
° 14-day culture. 

A B 
Optiasm 

PH 
(i 0.5 rfO 

hat weight, 
optimal 

pH 

Mat 
weight, 
JLlfi 

•«. 

^XIOO 

•€• % 

6.0* 52.1° 44.6° 117 

5.5- 87.6 87.6 100 

5.5- 91.3 91.3 100 

3.5* 67.8* 10.5° 646 

4.5- 80.1 72.0 111 

4.0f 90.6 85.0 107 

3.5* 61.2° 42.6° 144 

5.5- 96.0 96.0 IX 

4.54- 67.8° 62.5° 109 

5.5- 54.7 54.7 101 

4.54- 20.1 10.2 196 

5.0f 152.9 140.2 109 

5.0- 99.6° 92.4° 108 

5.0- 39.2 27.3 144 

4.54- 87.6 82.0 107 

5.0- 42.800 36.2°° 118 

3.5* 68.7 42.3 162 

oo 24-day culture. 

(continued en next page) 
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Brown rote (oont.) - 

Polyporua achweinitaii 

Lenaitea aaepiaria 

Traoetea aerlalia 

Hydnua pulcherrlmum 

Ptychogaater rubeacena 

Daadalaa querclna 

Poria olaracaaa 

Poria lutaoflbrata 

Meruliua lecryaana 

Polyporua aulphureua 

Lenaitea atriata 

Coniophora oereballa 

Wilt© rota - 

Polyporua tulipiferua 

Polyporua aneapa 

ArniUaria mellea 

Penlophora glgantea 

Poria aubaeida 

Foaea fonentarlua 

Polyporua raraicclor 

Fooea annoaua 

Lontlnua tigrinua 

Pooaa gaotropua 

Polyporua abietlnua 

Fooaa plnl 

Polyporua funoaua 

Qptiauo 

(t 0.5 GH) 

A 
Nat weight 

OptlffiUB 
DH 

B 
Mat 

weight 
JR.M. 

•8* 

fxlOO 
•«. "I— 

5.0f 56.4° 40.1° 141 

5.0- 22.4 20.1 112 

4.5- 72.4 65.3 111 

5.0+ 32.1° 29.8° 108 

4.0- 107.3 63.9 168 

4.0- "40.2 20.2 200 

5.0- 90.5 42.6 212 

5.0+ 30.2°° 28.2°° 107 

4.5- 24.2 18-7 130 

5.** 49.606 49.6°* 108 

5.8+ 33.8 31.6 187 
4.0- 42.7 24.6 174 

5.5- 87.2 87.2 100 

5.0f 53.8 52.7 102 

4.5+ 26.4° 16,4° 161 

5.5- 98.2 98.2 108 

3.5* 82.6° 58.2° U2 

5.8+ 5.9 2.6 226 

5.5± 98.2 98.2 100 

5.5+ 63.2° 63.2° 108 

5.5+ 98.3 98.3 180 
5.0- 55.3 50.2 110 

5.5- 29.2 29.2 100 

5.H 34.7 32.4 10? 

4.5+ 21.3 15.3 139 

* End of pH-eeriea uaed, hence direction of true 
cptiauo pH not known. 

0 14-day culture. 
00 24-day culture. 
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GROWTH CORVES OF THE COD ROTS 

The increase In cell substance with time, expressed as dry weight 

of mycelial pellets per 70 ml. of culture medium, has been determined 

for US. of the fungi in two media — malt extract (156). and the synthetic 

medium (Table 1) with L-glutsmie acid (nitrogen level 0.012$) plus 

thiamine. All work was done in standard shake culture at 28°C, and 

growth was allowed to continue until a maximum was reached. Determina- 

tions of growth and of pH were made every two days, the whole contents 

of duplicate flasks being used at each sampling period. The results 

give a picture of the relative rates and amounts of growth and acid 

production for different organisms in the two media. Table 8 summarizes 

a portion of the data for 1% malt extractf and compares the mycelial 

weights in 7 days (our standard growth time for nutritional studies) 

with the maximum growth attained and the time required to reach this 

maximum.  Also, the maximum and the terminal (at point of maximum growth) 

acidities attained, expressed as pH, are shown for their respective time 

periods. Table 9 summarizes similar data for ^-glutamic acid as the 

nitrogen source. 

( ' 
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TABLE 8 

COMPARISON OF SEVEN-DAY GH>TH AND MAIIiiOM GROWTH DJ MALT EXTRACT 

Growth given as allligrama of dry weight of mycelium per 70 ml. of medium, 
avsragae of duplicate flacks. "?*r»ittal* **idity means that at the tine of 

myeelinl weight. 

Oraaniaa 

Seven-day 
mycelial 

•g. 

Maxlaua 
aycelial Maximum 

acidity 
Termii 

pH 

sal 
for 

•own rota - •*• day* PH days days 

Poria incraaaata 80 93 12 3.00 6 3.29 12 

Poria aonticola 116 131 12 2.06 6 3.03 12 

Polyporua paluetria 110 114 8 1.65 12 1.75 8 

Lentinus lepideus 66 80 18 1.55 20 1-59 18 

Fomos aubroseua 99 104 10 4.05 10 4.06 10 

Lenaites trabea 54 71 H 3.45 20 3.75 U 

Fooea roeeua 106 116 10 2.28 14 2.30 10 

Foaes meliae 126 125 8 2.15 20 2.32 8 

Fomea officinalla 63 71 U 2.26 14 2.26 14 

Poria xantha 72 90 12 3.50 10 3.51 12 

Poria cocoa 48 74 16 2.83 18 2.86 16 

Poria nigra U7 155 10 2.27 16 3.11 10 

Poria vaillantii 96 120 14 1.75 18 1.82 H 
Polyporua iaadtus 88 95 10 2.50 8 2.42 10 

Poria oleraceae 123 138 10 2.17 10 2.17 10 

Poria luteofibrata 12 43 40/ 1.50 20 1.50 40 

Merulius lacrymans 30 59 40/ 2.82 8 3.50 40 

Polyporua aulphureua 30 52 18 3.00 20 3.26 18 

Lenzitea atriata 65 86 12 3.22 20 3.90 12 

Coniophora oerebella 79 J32 16 2.99 12 3.29 16 

Traoetea nalicola 65 70 8 1.65 18 1.90 8 

(j 
/ maximum growth not yet reached. 

J 
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TABUS 6 (CONTINUED) 
» 

COMPARISON OP SEVEN-DAT GROl.TH AND HAXIMUM GROWTH IN MALT EXTRACT 

Growth given as ailligraaa of dry weight of mycelium per 70 ml. of medium, 
averges of duplicate flaeka. *Terainal* acidity meana that at the time of 

mycolial weight* 

8« Ten-day 
•oellal 

Majdjaim 
mycelial 
weight 

•g. d»y» 

Mud— 
acidity 

Tend] 

pH 

ml 

Brown rote (eon't)- pfl daya daya 

Polyporua apraguei U5 132 10 3.03 12 3.05 10 

Polyporua betulinua 60 91 12 2.40 16 2.49 12 

Polyporua achweinittii 57 75 16 4.15 20 4.17 16 

Lonaitee saepiarla 83 94 10 4.30 12 4.37 10 

Tramotaa serialia 221 210 10 4.51 10 4.51 10 

Hydnum pulcherriaum 82 92 U 2.38 16 2.46 14 

Ptychogaeter rubeaoene 89 102 14 3.70 16 3.95 14 

Daedalea quereina U3 126 12 2.01 14 2.21 12 

White rote - 

Polyporue tulipiferue 130 137 10 3.90 4 4.45 10 

Polyporua anoepa 102 1U 8 2.60 8 2.60 8 

Peniophora gigantea 97 117 14 2.76 18 2.91 14 

Poria aubecida 97 115 12 3.54 12 3.54 12 

Fomea annoaua 94 122 20/ 3.50 20 3.50 20 

Lentinua tigrinua 100 ia 14 4.32 14 4.32 14 

Foaoa fomentariua 71 85 10 3.47 8 4.06 10 

Polyporua varaicolor 118 151 10 3.74 6 4.14 10 

Fomea geotropua 123 161 12 4.32 8 4.50 12 

Polyporua abietinue 153 277 20/ 3.89 6 4.61 20 

Fomea pini 60 92 14 3.95 12 3.99 14 

Polyporua fumoaua 64 84 12 1.50 10 1.50 12 

Arodllaria aellea 11 22 20/ 4.82 16 4.90 20 

/ maximum growth not yet reached. 

E3 
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TABUS 9 

COMPARISON 0? SEVEN-OAT GROWTH AND MAXIMOI! GRO TH IN GLUTAillC ACID 

Growth given as nuliligrama of dry weight of mycelium per 70 ml* of medium, 
averages of duplicate flasks. "Terminal'' acidity means that at the time of 
maximum myoolial weight. 

C 

Organism 

Seven-day 
myoelial myoelial 

feight 
Maximum 
acidity 

Termi 

pH 

rial 

1* 
Brown rots — •f. days PH days days 

Poria inorassata 40 72 14 4.72 4 5,27 U 
Poria montioola 86 96 12 3.20 12 3.20 12 

Polyporus palustris 91 94 8 1.55 8 1.55 8 

Lentinus lepldeus 20 23 20/ 2.30 20 2.30 20 

Pomes subroseus 77 83 30 4.00 10 4.01 10 

Lensites trabea 93 104 U 3.54 14 3.54 U 

Foaes roseus 36 59 20/ 3.48 18 3.50 20 

Fomes meliae 106 112 8 2.12 12 2.64 8 

Foaes officlnalio 3 31 20/ 4.52 20 4.52 20 

Poria zantha 36 84 12 3.40 20 3.78 12 

Poria cocoa 30 40 20/ 4.75 20 4.75 20 

Poria nigra U7 156 14 2.30 U 2.30 14 

Poria vaillantii No growth 

Polyporus inmitus 18 75 20/ 2.52 20/ 2.52 20 

Poria oleraceae 94 137 20/ 2*03 20 2.03 20 

Poria lutoofibrata 5 36 40/ 1.50 20 1.50 40 

Merulius laorymaos 8 71 40/ 2.90 12 2.95 40 

Polyporus sulphurous 10 40 30/ 5.15 20 5.40 30 

Lensites striata 10 42 U 4.20 12 4.26 14 

Coniophora cerebollp 24 32 14 4.25 14 4.25 14 

Tramotes malioola 38 60 10 2.89 14 3.21 10 

c / maximum growth not yet reached. 
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C 

TABLE 9 (CONTINUED) 

CO.iPARISON OF SEVEN-DAY QROWTH AND MAIIMUM GHOTTH IN GLUTAMIC ACID 

Growth given as milligrams of dry weight of mycelium per 70 ml. of medium, 
averages of duplioate flasks. Terminal* acidity meant that at the time of 

Seven-day 
myoelial 

Maximum 
myoelial 

ttlgfci  
mg. days 

Maximum 
acidity 

pH   days 

Terminal 

Brown rots (eon't) - »*• pH days 

Polyporus spraguei 32 46 16 3.60 16 3.60 16 

Polyporus botulinus 67 92 12 2.17 14 2.26 ?2 

Polyporus sehweinitsll 37 48 16 4.16 16 4.16 16 

Lensites saepiaria 20 33 H 3.75 14 3.75 U 

Tranetes serialis 71 125 18 4-58 20 4-58 18 

Kydnum pulcherrimum 24 42 18 4.90 18 4.90 18 

Ptyobogaster rubescens 122 132 14 5.03 12 5.10 U 

Daedalea quereina 20 34 18 3.90 H 4-96 18 

c White rots - 

Polyporus tulipiferus 87 100 12 4-10 8 4-61 12 

Polyporus anoeps 59 111 20/ 3.29 20 3.29 20 

Peniophora glgantea 110 119 14 2*75 16 3.00 14 

Porla subaclda 59 68 12 4-01 12 4-01 12 

Fomes annosus 70 83 12 3.95 12 3.95 12 

Lentinus tigrinus 96 108 18 5.40 16 5.76 18 

Fomes fomentarius 5 40 20 5.05 20 5.05 20 

Polyporus versicolor 22 62 16 4-49 8 4.80 16 

Fomes geotropus 59 129 16 4.40 10 4.99 16 

Polyoorus abiotlnus 24 170 18 5.20 12 5.49 18 
• 

Fomes pini 27 54 20/ 4.54 14 4.63 20 

Polyporus fumosus 18 37 16 1.64 16 i.65 16 

Armillaria mellea 15 33 20/ 4.57 10 4.90 20 

/ maximum growth not yet roached. 
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The following generalisations and comments may be mads regarding the data 

In Tables 6 and 9« 

1. Maximum growth is attained in 8 to 20 / days, vdth an average of 

12.7 days in malt extract, and an average of 15*6 days in glutamic aeid plus 

thiamine, 

2. Except for Fomes annosus. the rate of growth of the funfi is greater 

in .i«lt extract than in glutaaio acid plus thiamine. 

3. With two exceptions (Lensltes trabea and PtychoKaetor rubescens) the 

mx^immv amount of growth attained is greater in malt extract than in glutamic acid 

plus thiamine, 

km Maximum acidity was attained in from 4 to 20 / days, with an average 

of 14 days for the organisms in malt extract, and 14.6 days in glutamic acid. 

On the average then, in malt extract maximum growth is reached before maximum 

acidity, vhile in glutamic acid the opposite ie true. There were, of course, 

certain specific exceptions to this latter statement. 

5. Acid iias Invariably produced in both media (original pH 5*5): in 

malt extract (carbohydrate about 0.8£, mostly maltose), the maximum acidity 

varied from pH 1.55 to 4*55; in the glutamic acid medium (glucose l£), from pH 

1.55 to 5.40. 

6. The lowest pH (1.5-2.0) was reached by Folyporua palustris in the 

malt extract and the glutamic acid, by Lentinue lepjdeus in malt extract, and 

by Poria vaillantii in malt extract. Very little acid (pH 5.0-5.5) was formed 

by Ptychogaster rubescens or Lentinus tlfyinua in the glutamic acid medium. 

7. The "terminal" pH values, recorded on the day that maximum growth 

was reached, show that in general there was a slight decrease in acidity from a 

maximum acidity previously reached. 
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UTILIZATION OF DIFFERENT FORMS OF OBG4KIC 
AND INORGANIC NITROGEN IN SYNTHETIC MEDIA 

All of this work was dons in standard shako culture, using controlled 

inoculum size, p H 5*0 - 5.5, etc., as described in the section on Methods. 

Because most of the wood rots grew well in shake culture in malt 

extraot, a 1% solution of this material was used as a "control• against 

which growth in tho known forms of nitrogen could be compared. Growth 

was determined quantitatively in the following nitrogen sourcest 1% 

malt extract (control), vitamin-free casein hydrolyaate, urea, 

ammonium carbonate, ammonium sulfate, ammonium nitrate, ammonium chloride, 

potassium nitrate, pota*"lum nitrite, and 23 single amino acids and 

glutasdns. Except for the malt extract control, the nitrogen source 

under test was added to the basal medium in Table 1. All tests were 

run both with and without added thiamine (1 tag. per liter), exoept 

that the malt extract, which contained a variety of vitamins, was 

used "as is". With the exception of two organisms, which will be 

considered later, growth did not tako place in tho absence of thiamine, 

and the summarised data (Tables 10 and 11) show only the results with 

thiamine except where otherwise indicated. The total nitrogen concen- 

trations in tho solutions of the various nitrogen sources were as 

follows: 1% malt extract, 0.004$; DL-mixtores of amino acids, O.OZl&i 

ammonium nitrate, 0.012$ as ammonium nitrogen; all others, 0.012$. 

For convenience, growth woi- hts in test nitrogen compounds are 

expressed as percentages of those obtained with the aarao organism 

in the standard 1% malt extract broth (control). Those weights ore an 

index of the relative utilisation of different nitrogen compounds by the 

fungi, but the foot that some growth is present in the third transfer 

does not necessarily mean that a given nitrogen compound will support 

I 



c 

65 

growth "Indefinitely" In continued subculture in that compound. Unless 

otherwise indicated (by a superscript) the data in Tables 10 and 11 

refer to amounts of growth obtained in the third, serial, 7-day sub- 

culture in the test nutrient In question* The superscripts indicate 

the number of serial transfers to which the data applies (see next 

paragraph). 

For those fungi which, after the third serial transfer in a test 

nitrogen source, produced less than 50$ of the growth attained in the 

•alt extract standard, serial subcultures were continued (maximum of 

nine) until growth either reached a constant amount or the organisms 

died out. Usually, three transfers were enough to rule out the "carry- 

over" of nutrients by an organism. Experiment also showed that if, in 

the third transfer in a given nitrogen source, the amount of growth 

was more than about 50$ of that obtained In malt extract, the organism 

would continue to grow "indefinitely" upon continued serial transfer 

in that nutrient. When growth in the third transfer was less than about 

50$ of that in malt extract, it was found that while most organisms 

would continue to grow in further subculture, some eventually died out. 

Therefore, although third-transfer weights may be used routinely (i.e., 

as a preliminary screening) as an indication of the relative ability of 

a given organism to utilise a kivon nitrogen source, the third-transfer 

weights are not- in all cases, adequate oriteria of continued growth 

in a given nutrient. Therefore, for oach third-transfer weight which 

was loss than 50$ of tho growth in malt extract for the sama organism, 

wo continued serial subculture until the growth either reached a constant 

level or the organism dies out. Another way of indicating this preliminary 

criterion of the nutritional adequacy of a nitrogen source for continued 

growth is to sxpress it in t3ras of the amount of growth resulting 

from a given inoculum. The weight of our standard inoculum is 0.02-0.03 mg. 
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(for 70 ml. of culture medium), and the amount of growth in 7 days 

in malt extract averages about 100 mg,, which is a 4000-fold increase 

in cell substance. By talcing 50$ of this as the point below which 

continued growth in subculture may in some cases be questionable, we 

are saying that when the increase in growth is less than 2000-fold, 

further subculture beyond three transfers is to b*» carried out.  The 

amount of "carry-over" of nutrients by certain organisms may be greater 

than with others; also, slow-growing organisms will produce smaller 

amounts of growth in the standard 7-day incubation period. 

Table 10 summarises comparative data on tho growth of brown rots 

and white rots in a variety of organic and inorganic nitrogen compounds. 

Table U contains data on the same organisms in each of 23 amlno acids 

and in glutamlne. Except for malt extract, all nitrogen compounds were 

added to the basal medium (Table 1), 

The Sh readings mentioned in the heading of Tables 10 and 11 are 

referable to the hydrogen electrode. (See later section for studies of Sh 

of cultures). 

( 
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GROWTH OF WOOD ROTS IN SHAKE CULTURE \T 28°C. WITH VARIOUS 
ORGANIC AND INORGANIC NITROGEN 50URC3S 

Growth in 15S malt extract (pH 4.9 (unadjusted), nitrogen»0.004£) given 
So   uuxxxKi oiua   OZ   OrJ   no^ii-.-   OX   uijrwQjuxuiu  fro*'    fv  uu)   ui   iu€Gj.tuu   \,• oaiiuiwu^ j 
growth in test media (70 ml,, pH 5*0 - 5.5) expressed as percentages of that 
in the malt extract standard. Initial Eh * 4400 to 4.500 OUT. Standard 
inoculum used. Test nitrogen compounds added to the basal medium (Table I) 
to a total or, with ammonium nitrate, to an ammonium nitrogen concentration 
of 0.012$. All data are averages of at least duplicate, 7-day cultures, af- 
ter at least three serial transfers in the given nutrient. A superscript 
after a figure shows the number of the serial transfer to which the data 
applies; unless otherwise indicated, figures are for the third subculture. 

Organism 

Brown rots - 

Poria incrassata 

Poria oontieola 

( Polyporus palustris 

Lentinus lepideus 

Pomes subroseus 

Lenzites trabea 

Femes roseus 

Pomes meliae 

Fomes offioinalis 

Poria xantha 

Poria cocos 

Poria nigra 

Poria vaillantii 

Polyporus spraguei 

Polyporus betulinus 

\_'       Polyporus immitus 

Malt 
extract 

mg. 

80 

116 

111 

80 

99 

54 

106 

125 

63 

72 

56 

147 

96 

115 

80 

88 

Casein 
hydrolysate 

68 

83 

57 

130 

86 

71 

99 

79 

o 

96 

89 

85 

0 

85 

129 

22; 3©1 

L-Glutamic 
add 

% 

49; 519 

74 

82 

25; 309 

77 

169 

33;289 

83 

0 

118 

52; 489 

97 

0 

28; 309 

118 

29; 259 

Urea 

% 

25; 30? 

30; 269 

25; 499 

0 

22; 549 

3O;1019 

21; 439 

20; 309 

0 

48;609 

22; 429 

29; 449 

0 

25; 379 

38; 699 

14i 219 

(NHjaCO? 

% 

30; 239 

32; 259 

47; 439 

74; 589 

50; 439 

42; 389 

40; 419 

29; 319 

0 

58; 469 

37; 409 

41; 359 

o 

20; 269 

71; 569 

36: 259 

(continued on next page) 
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c 

(. 

Q|ffnim 
Malt 
•xtraot 

Caaaln 
CTdrolraata 

I/-Gluta«ic 
MM y£& 

% Brown rota (cont'd) ~ •i* t % t 
Polyporua achveinitiil 57 95 64 43l 629 49; 519 

Lenaltea eaeplarla *3 52 24| 219 24; 529 51; 399 

Hydnum puloherruavn 82 94 48; 439 30; 289 15; S39 

Trametea serialle** 221 95 49; 509 55; 569 39; 379 

Ptychogaatar rubeaeene •» $9 137 U9 40; 359 97; 739 

Daedalea quercina 113 100 35; 359 341 499 50; 439 

Porla oleraceae 123 96 94 18; 289 26; 229 

Porla lutcoflbrata 1Q| 179 100; 0^ 50; 04 0 0 

Heruliue lacryaana 34; 299 59il079 24; 339 21; 289 25; 289 

Poljporua aulphuraua 30; 439 127 30; 239 27; 239 33; 219 

Lensites etrlata 65; 539 66; 779 16; 329 19; 379 46; 529 

Coniophora oeraballa 65| 589 89 38; 559 35; 449 37; 369 

Trametea mallcola 
Whit6 rota - 

65 61; 649 66; 739 61; 639 44; 549 

Polyporua tuliplferua 130 50; 529 66 15; 479 45; U9 

Poljporua ancepa 102 96 57) 539 15; 349 3»; 269 

Penlophora gigantea 97 136 112 36; A79 46; 4f9 

Porla aubaclda 97 62 61 7; 169 56; 5«9 

Pcaea fomentariua 71 74 26; 239 23; 609 21; 649 

Poljporua veralcolor 120 75 80 28; 209 21; 219 

Pamee aimoaua 94 92 73 8; a9 
5; 129 

Lentlnua tigrinua 100 97 96 11; 259 22, 209 

Fomee gaotropua 123 99 47} 509 18; 259 28; 329 

Polyporua ablatlnua 153 106 98 95} 509 32; 309 

**     'ill grau -/ithcvt thiamin. In tho modia bhcuru 

(continued on next page) 
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c 
Itoitt rots (cont'd) 

Fcmas pint 

Poljporua funoaua 

Araillaria aellaa 

TABU 10 (CONTINUED) 

Nftlt 

69 

11121s 

Caaain 

63| *49 

47; 599 

87j 579 

Lr*Qlutamic 
•old 

% 

44; 709 

30; 439 

0(120)* 

Usst 

i 

44; 589 

17; 579 

0 

69 

* 

47; 489 

33; 3©9 

0 

* Aftor "training" (ccntinuod lub-rjitisre). 

(_ 

(continued on next page) 
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TABLE 1C (CORTINUED) 

C             VUMAM (WJ^SOL raja. W4CI 25* KH02 

Brc«n rots * % % i 
1 

% 

Perl* Inoraaaata 25f 229 42; 519 0 0 0 

Porla •oaticola 26; 279 32; 319 e; 0* 0 0 

Polyporus palustria 42; 459 42; 459 9; (A 0 0 

Lentinua lepldeu* 60; 749 93; 9«9 20; <A 0 0 

Poaea aubroaaua 3d; 379 51; 429 12; cA 0 0 

Lsnaltaa trabea 24; 269 23; 329 6; (A 0 0 

torn • roaaua 33; 299 40; 3d9 2; 0* 0 0 

POMS aallaa 31; 259 33; 2d9 6; 0* 0 0 

POMS of fidnalle 0 19; 04 0 0 0 

Porla xantha 46; 479 79; 769 *; <h 0 0 

Porla cocoa 24; 199 54; 639 0 0 0 

30; 279 54; 499 7; c* 0 0 

Porla vaillantii 0 0 0 0 0 

Polyporua apraguel 19; 209 27; 279 3; 0* 0 0 

Pelyporua botullnua 53; 519 73; 659 9; 0* 0 0 

Polyporua Indtua 30; 259 4«; 4d9 0 0 0 

Polyporua achvalnltall 41; a9 
57; 559 9; cA 0 0 

Lenaltaa aaaplarla 43; 379 59; 559 11; 0* 0 0 

Hydawu puloharrinua 12; 269 30; 349 4; <* Q 0 

fraaetea aarlalia ** 32; 309 44; 399 37; 339 2 2jC6 0 

Ptychogaater rubaaoena** 72; 799 96; 799 25; o6 25 ;C7 22jC° 

Daadalea quarolna 36; 3«9 59; 529 0 0 0 

/     Porla olaracaaa 21; IS9 33; 299 6; <A 0 0 

Porla lutoofibrata 0 0 0 0 0 

70 

**    111  grown   -ithout thiarain    in the media ahovm. 

(continued on next page) 
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O 
rot« (contld) - 

Maruliua liorjmns 

Poljporua sulphurous 

Lonsitt* etriata 

Cenioptacra oerabclla 

TrmUi malioftla 
Wait* rot* - 

Poljporua tullpiftrua 

Polyporuo aneapa 

Psniophora glgantaa 

Poria aubacida 

POUM fo—citarlna 

Polyporuo varaieolor 

Lontinua tlgrlnua 

Ponaa gaotropua 

Poljporua abiotlnuB 

PCSJM plni 

Poljporua funoaua 

Amillaria mallaa 

(«Ua»4 aa 
* 

MH4C1 

% 

BOj 

i % 

16; 499 29; 539 0 0 0 

37; 179 43; 309 0 0 0 

37; 449 47; 759 0 H;05 18 ;C* 

30; 329 46; 479 0 <? 0 

All 429 62; 729 0 0 6 

33; 389 49; 479 3; 0* 0 0 

28; 219 46; 419 8; <* 0 0 

34; 299 48; 449 9; <* 0 0 

44; U9 55; 529 0 0 0 

28; 369 37; 359 3; (A 0 0 

23; 219 25; 239 8; cA 0 0 

5,   69 63; 519 0 0 0 

13; 169 32; 329 5; (A 0 0 

21; 239 43; a9 
3; <* 0 0 

21; 229 35; 369 8; <A 0 0 

42; 449 51; 569 
13; 0* 6 0 

30; 369 44; 519 0 26,07 20;C6 

0 0 0 0 0 
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TABUS U 

GROWTH OP WOOD ROTS IN SHAKE CULTURE AT 28*1, IK SINGLE AKXNO 
ACIDS COMPARED WITH CERTAIN OTHER NITROGEN CONFOUNDS 

Growth In 1% malt extract (pH 4.9 (unadjusted), nitrogen » 0.004*) given 
as milligrams of dry weight of mycelium per 70 ml, of medium (standard)? growth 
In teat madia (70 ml., pH 5.0-5.5) expressed as percentages of that In the malt 
extract standard* Initial Eh « 4400 te 4500 m.v., exoept L-cysteine Eh » +100 
•••• Standard inoculum used. Teat nitrogen oompounds added to the basal medium 
(Table 1) to a total nitrogen eonsentration of 0.012*, exoept DlHsixturea of aaino 
aclde to 0.C24X. All data are averages of at least duplicate, 7-day cultures, 
after at least three serial transfers In the given nutrient. A superscript after 
a figure shows the number of the serial transfer to which the data applies; unless 
otherwise Indicated, figures are for the third subculture. 

• 

Malt 
extract 

Casein 
hydro- 
ImSx (W|k)2C03 "iT^ini B-ajanine DLwmlin* 

Brown rote • •*• % % % % % 

Daedalsa queroina 110 100 50} 439 19; 259 46; U9 82 

Pomes subroseus 94 86 52 77 37; 319 91 

_   Bydnum puleherrlmum 

Lentinus lepideus 

73 95 15| 239 75 33; A29 55 

83 131 78 35; 379 44; 449 54; 579 

Lsnsitee trabsa 61 72 42| 389 145 46i 549 170 

Polyporus palnstris 103 57 50 78 47; 399 94 

Poria monticola U3 82 32; 259 73 23; 249 66 

Ptychogaster rubescens**  97 137 90 106 16; 349 208 

Tramatea serialis** 126 95 36; 349 40; 439 lOj 169 54; 469 

White rots - : 

Pomes annosus 82 92 5; 129 80 6; 89 125 

Lentinus tigrlnus 106 97 22; 209 65 38; 339 96         1 
j 

Peniophora gjgantea 104 136 46| 409 106 12; 189 94         1. 
i 

Polyporus anceps 93 96 30; 269 69 33; 289 76 
• 

Polyporus tulipiferus 120 50 45; 419 66 17; 219 78 

(       Poria subaoida 69 62 56 55 23; 299 59 

**• Will grow without thismine in the media shown. 

(continued on next page) 
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TABU 11 (COHTIMJSO) 

O 

°*WI*«P i-laucina, 
DI#-ieo- 
feucine DL-aarine 

DL-threo- 
teine* tin* 

Drown rots «» % % % % * * 

Daed&lea querciaa 17; 229 26* 199 24; 269 22; 249 17; 0* 52 

Fa—B aubroaeue 52 433 J99 56 59 0 45; 389 

HjdnuB puloherrlaoaB 62 58 65 67 U; cA 44; 379 

Lentinua lepideua 15l 249 12} 21? 24; 179 19; 20
9 0 14; ll9 

Lenitea trabea U3 99 110 119 30; .05 58 

Polyporua peluatria 49; 539 50; 469 64 66 15; <* 50 

Poria aontloola 49| 459 32; 289 56 56 18; 0* 18; 229 

Ptychogaatar rubeacens** 105 92 104 90 9; 0* 6; U9 

Treaetes aerialia** 42; 439 25; 329 31; 349 29; 259 19; 05 16; 139 

- White rota - 

Foaee anneaus 51 51; 459 54 52 5; 0* 4; 79 

Lentinua tigrlnua 66 54 70 73 15; 05 55 

Peniophora giganta* 78 70 85 85 10; (A 13; 99 

Polyporua ancapa 48,4c9 39; 329 53 52 11; (A 73 

Polyporua tujipiferua 48; 399 39; 349 57 55 15; 0* 27; 329 

Poria aubaolda 34; 279 34; 299 28; 329 39; 359 5? 04 33; 239 

* Eh of medium aa usad s 4-300 ia.v.; L-eyateine utilised by all crganiama at 
Eh of 4- 400 to f 500 m.v. 

** Will grow without thiamine in tha madia ehown. 

(continued on next page) 
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TABU 11 (OOWUDED) 
U 

o 

2uB4n 
DL-seth- DL-aapar- 
lonlne     tie aold 

L-glutaeie 
MM 

DL-phenyl- \f"*'JTt>* 

urowc pots •* * % % % % 

DasdaLaa quarclna aoj 299 26) 239 35; 359 32) 299 28) 239 

rteMtubroMM 45| 309 77 79 54 43) 339 

Hjdnun pulcherrlwaa 61 77 46) 439 63 39) 359 

Lectinua lapldeua 15; 139 40) 299 25) 309 11) 199 15) 109 

Lansltea trabee lit 109 
U7 146 107 87 

Polyporua palustrls 61 60 67 55) 499 41) 449 

Porla •octloola 53 76 75 48; 529 30) 369 

Ptjrchogaater nfeNMiW »   103 117 123 99 52) 629 

Traaataa eariAlle** 29; 409 30) 249 49; 509 29; 219 24) 189 

White rote - 

taaea annoaue 45; 409 $3 65 50) 459 37; 479 

Lentlnua tlgrlnua 56 80 94 61 51 

Penlophora gigantea 84 111 110 78 48t 419 

Polyporua aaeepe 50; 409 73 65 44; 389 22) 329 

Poljporoa tullplferua 51) 649 72 75 45; 509 30) 329 

Porla eubaeida 39; 309 57 58 28; 329 20; 2d9 

** Will grow without thlaalne In tha madia shown. 

(continued on noxt paga) 
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C- 

U' 
** Will grow without thlamine in the media shewn. 

9rttatii 
t-ti'jpte- 

L-prollne BcaUat 
Wiieti- DL-nor- 

leuolne 

Brown lots • i * % * % 

Daedal— querelna 18, 229 22;  a9 28; 249 32; 369 30; 209 

POJMS «UbrO0«U8 60 74 63? A9 45;?.9 43 x5^ 

BjdnuB pulehe rrlmai 65 80 56; 629 AZttf0 3#| 389 

Lentinus lepldeus *     19? 24* 39; 359 41; 379 13; 129 19; U9 

Lsnsltes trabe* 120 137 140 83 78 

Polyporu* palustri* 65 81 78 38; 439 ^,639 

Port* •QBtieoa* 57 73 57; 509 45; 359 39; a^ 

Ptjchogi.et«r wb—sens' »     100 107 107 54 52 

Traaetes MrUlle»» 28; 259 38; 459 32; 379 24; 309 17; 249 

White rots - 
> * 

POMS ara\oaue 53 74 77 48j329 36;<U9 

UntJ nua tigrlnfcs 74 85 47; 379 ^je*9 U|399 

Peniophora glfantsa 86 106 69 
.0 42|3<^ 

Polyporus anoep* 54 69 51; 439 31; 409 39> 429 

Polyporus tullpiferue 54 70 34; 299 38; 469 35; 509 

Poxla subaoida 38,: :29 5* 69 23; 379 28; 219 

(continued on next page) 
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TABUS 11 (COICLUBEP) 

76 

$&&$•& 

L-aepar- 
gLtttamlne 

DL-ornl- 
ttrtw L-lOTlne 

j*-argi- 
nine 

Brown rots - % i 1 * 1 C % 

Daedalea querclna 21; 279 24} 279 18; 249 23; 279 20; 269 

Foraes subi-ossua 76 35; 899 72 37; 309 78 

Hydnum pulcherrlwfli «* 33; 40
9 

79 26; 329 85 

Lentinus lepldeus 50 49; 579 20; 299 18; 249 36; 259 

Lenaites trabea 142 150 134 50 145 

Felyporus p&luatris 87 88 78 30; 259 79 

Porla •ontieolu 77 80; 909 72 28; 319 73 

Ptyehogastar rubeseans** 98 122 114 31l 399 100 

Trametes aerialis** 39; 359 48; 52* 25; 32
9 20; 229 4«; 379 

White rets - 

BMM * ann/ima 

Lentlnus tlgrinu* 

Peniaphora glgantea 

Polyporus anceps 

Polyporas tulipiferus 

Porla subacids 

83 85 72 34; 379 33 

87 106 79 32; 329 87 

106 129 99 21; 269 109 

S7 71 65 20; 169 72 

72 85 66 23; 239 69 

55 81 51 21; 309 62; 59 

U 
** Will grow without thiamine in the media shown.. 
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f~ From Table 10 certain important generalizations and specific 

conclusions can be drawn, as followst 

Is Ifelt extract suT*r,orts continued Towth of all the organisms 

although Maruliua laerymans. Polyporua sulphureus. Poria luteofibrata. 

and. Armillaria aellea produce only small amounts of mycelium in 7 days 

compared with rest of the fungi,   The growth curve data for these species 

show them to be slow-growing organisms, (see Table 8, above)) which 

probably explains their apparently poor growth in 7 uays in malt extract. 

2. Of the organic nitrogen sources, growth of all organisms in 

urea was fairly uniformly poor, and in most cases was less than in 

ammonium carbonate, ammonium sulfate and ammonium aitsate* It is cf 

interest that most organisms which grow in urea shew a marked increase 

in the amount of growth from the third to the ninth serial subculture, 

3. ammonium carbonate, ammonium sulfate and ammonium nitrate are 

roughly equivalent in their growth-supporting ability. 

K*    Generally speaking, the nitrogen sources in the oasal medium 

support growth in the presence of thiamlne but not in its absence. This 

indicates that for most of the fungi thiamine is necessary and is the 

only essential vitamin. The exceptions to this generalization will be 

mentioned below. 

5. Poria vaillantii. Femes officinalls and Poria luteofibrata grew 

only in malt extract: none of the other nitrogen compounds, organic or 

inorganic, plus thiamine, supported growth in continued subculture from 

malt extract. This suggests a vitamin deficiency in the synthetic media 

for these organism. 4rm.tl3.aria melloa grew only in casein hydrolysate 

and (eventually) glutamic acid in addition to the malt extract. (See later 

for discussion of special growth conditions for these A organisms.). 

(c e  » 
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f~\ 6. Ammonium chloride supported growth of Trametes serialis only, 

under the conditions used. (See below for the effect of succinic acid 

on growth in ammonium carbonate)» 

7. Potassium nitrate and nitrite did not support continued growth 

of any species. 

8. Both Trametes serialis and Ptychogaster rubescens grew in their 

various nitrogen sources in the complete absence of thiamine, although 

the growth weights attained were nearly all (exceptions P. rubescens in 

NH/NCL) less than 50% of those in malt extract, and were always less than 

the corresponding weights in the presence of thiamine. These figures 

indicate ability to grow without thiamine, although at a slower rate. 

9* Some organisms grew outstandingly better in certain nitrogen 

sources than they did in malt extract: for example, Lenzltes trabea in 

glutamic acid; Lentinus lepideus in casein hydrolysate; Polyporus 

betulinus in casein hydrolysate and in glutamic acid; Ptychogaster 

rubescens in casein hydrolysate and ia glutamic acid; Polyporus 

sulphurous in casein hydrolysate, and Peniophora gigantea in casein 

hydrolysate. 

O 

t 

7 

no 
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r ) From Table 11 the following generalisations and conclusions nay be 

drawn for the organisms tabulated therein, 

1. Generally, eaoh of the amino aoids singly in the basal medium 

was able to support growth of the organisms in continued subculture 

"indefinitely4*, although there were wide quantitative differences in the 

amount of growth so obtained* Exception: L-cysteine (see section below on Eh). 

2. is among the various species of fungi. Trametes ser|al^s , 

Lentinus lopldeue and Paedalea Queroina grew most poorly in the amino aoids. 

,      3. The boot growth in single amino acids (with thiamine) was 

obtained with Lensltes trabea and Ptychogaater rubescenst in certain 

amino acids l£ to 2 times as much growth was attained as in malt extract. 

For example. Lensltee trabea in glycine, aspartic aoid, giutamie acid, 

proline, hydroxyprollne, asparegine, glutaaine, ornithlne and arginine; 

Ptvohogaater rubeacena in vallne and in glutamio acid. 

4. Only Trametee serialis and Ptyohogaster rubescens grew in the delete 

continued transfer in each of the amino aoids without thiamine, although 

the amount of growth was less than a 2000-fold increase and was invariably 

less than in the presence of thiamine. 

Miscellaneous stud^ec on nitrogen compounds. 

as regards the additive effect of amino aoids, a limited amount of 

work with Polyporus paluatrle indicates that In general optimum growth 

is obtained with a mixture of several amino acid? rather than any one. 

Por oxample, if to the basal medium plus glutamio acid is aided aspartic 

acid and/or valine ^ad/"* arginine and/or proline, there is a successive 

Increase in tho resultant growth for eaoh additional amino aoid usod, 

within limits, even though the total nitrogen In eaoh medium is the same. 

This observation suggests why, in general, more growth id obtained in the 
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/-.     mixture of amino acids present la casein hydrolysato that in single 

amino aeids. (Tables 10 and 11) Ws have not determined what is a full 

complement of aaino acids even for PO^/POTUS palustris. 

Attempts wore aade to grow P. palustris end ft tBletttfttTUI in nitrate 

and nitrito. Beoause none of the fungi grew in the basal medium with 

thiamine and niijrate or nitrite (Ttble 10), it was thought possible that 

other vitamins were needod for growth. P. palustris sad P. tullplferus 

were investigated in this regard, using sodlua nitrate sad sodium nitrite 

separately in the basal medium with thiamiae (1 mg./llter), sad adding 

the following nutrilites in various combinationst riboflavin, pyridoxine, 

pantotheaic aoid, niaoin - 1 mg• per liter; biotln, folio acid - 2 gammas 

per liter; guanlne, adeaine, uraoil - 13 mg. per liter; guanylic aoid, 

adenyllo aoid, sodium nucleate, xanthiae - 20 mg. per liter; eholine, 

V_ /     iaositol - 2 mg. per liter. 

la neither nitrogen oompound with say combination of nutrilites 

was there growth even in the second transfer, and often not in the first 

transfer from malt extract. Assuming that the total concentration of 

nitrogen was not too high to be inhibitory (120 mg. H par liter for 

nitrate or nitrite, plus as much as 65 mg. I per liter for the nutrilites), 

it seems clear that these organisms actually lack a biochemical msohsaism 

for utilisation of nitrogen In the form of nitrate or nitrite. 

With the exception of lr*.mstes serlalls. none of the wood rots 

grew in continued subculture in the basal medium with ammonium chloride 

as the source of nitrogen (Table 10). It was found by chance that when 

a traoe of sucolnxc aoid was added to some of the cultures in the 

ammonium chloride medium, growth took place. The following have been 

found to grow in continued serial subculture (6) in the basal medium 

(Table 1) plus ammonium chloride (0.012$ nitrogen) plus succinio acid 



81 

r \ (10 mg, per liter)s Poria luteofibrata. Polyporus paluatris. Len2ltes 

trabea. Trametes serialis. Forla monticola. Lentlnue tlgrinus. Polyporus 

anceps. Ptyohogaaior rubescena. Peniophora glgantea. Hydaum pulcharrimum. 

Lentinus lepideiaa. and Poria subaeida. The following organisms would not 

continue to grow in the indicated ssdium: Femes annoaus, Daedalea 

quercina. and Fomes subroseua. They died out in the 4*h, 2nd and 3rd 

serial transfers, respectively. Growth in other inorganic nitrogen 

sources, such as ammonium sulfate, ammonium carbonate and ammonium nitrate, 

was accelerated or increased in total s,mount by the addition of succinic 

acid* Explanation of this phenomenon may be the initiation or acceleration 

of the Krebs cycle by the succinic acid. As a matter of interest, follow- 

ing the effect of succinic acid on growth in ammonium chloride, the 

effect of succinic acid was tried in the basal medium plus ammonium 

carbonate, in which some grcrth of nearly all organisms had previously 

been observed. Data for several species are shown in Table 12. It is 

evident that there is some growth stimulation in all cases. Succinic 

acid increases the growth of Fomes annosus some 11-fold, of Lentlnua 

tigrinus nearly 4-fold, and doubles the growth of Peniophora gigantea* 

O 
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O N6-onr-248, T. 0. II, 
HI 132-159 

TABU 12 

EFPBCT OF SUCCIMIC AGIO ON GROWTH 0? CERTAIN WOOD-ROTS IK SYNTHETIC 

MEDIUM WITH AMMONIUM CARBONATE 

Basal medium plus ammonium carbonate (0.012J& nitrogen) plus suc- 
oinlo acid (10 mg. per liter). pH 5.0 - 5.5. Growth in 1* malt ex- 
tract (pH 4.9» nitrogen * 0.0041) given ea "milligrams of .dry weight of 
myeeliua per 70 ml. of medium} growth in teat medium (70 ml.) expressed 
as percentages of'.that;.in the malt extract. All data are averages of 
duplicate! 7-day, third-transfer cultures, at 2B°C. 

Organism 
Malt 
extract 

Basal 
medium 

(mty^Q, 

Basal medium 

ouooinio acid 

Brown rots - mg. % % 

Folyponis paluatrie 110 45 57 

Lensltea trabea 62 39 48 

Trametea aerialia A 120 42 56 

Poria montlcolA 110 30 45 

Ptychogaster rubeaoens 87 86 102 

White rots - 

Polyporus tullpiferus 125 42 59 

Fomee annosue 95 5 66 

Lentinua tigrlnua 95 24 80 

Polyporua anoepe 111 32 47 

Peniophora gigantea OK 44 85 

c. 
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Utilisation of ateino acids as oarbon sources was studied with two 

fungi* P. palustrii (brown rot) and P. tullpjferus (white rot). These 

wexsj tested for growth in shake culture in the basal aedlua minus gluouse, 

but with various single aalno acids as the sole source of nitrogen 

and oarbon. Growth in continued subculture di/d no^ occur in any of the 

aalno acids tested, wist alpha alanine, beta alanlne, 1-arginine. 

1-eaparaglne, dl-aspartic acid, 1-oyatine, 1-glutaaio aoid, glycine, 

1-hietidine, dl-isoleucine, dl-leucino,l-?ysinef dl-me'.blonine, d-norleucine, 

d-ornithine, dl-phenylalaniiiw, oi-aerine, 1-tryptophane, dl-valine. 

Utilisation of 1-glutaaic aoid as a nitrogen and oarbon source by all 

43 of our fungi also was investigated. All of the cultures were grown 

In shake culture in the basal aediua minus glucose, but with 1-glutaaie 

acid (oarbon concentration equivalent to that in 1% glucose solution) 

as the solo source of oarbon and nitrogen. None of the species grew 

in continued subculture in this medium* 

To determine the utilisation of L- and DL- forms of aalno acids, 

each of ten organisms wss cultured in tha basal aediua with L- and DL- 

tr7pto^hai.c and with L- and DL-leucine at various levels as the only 

source of nitrogen. The results (Table 13) indicate that only the natural 

(L~ form) of tho aalno acids is utilised, a not unexpected finding. 

(It was for this reason that raoeaie mixtures (DL-) of amino acids ware 

alwaya uaou in a total nitrogsn concentration (0.024?) t-ice that of 

ether nitrogen compounds (0.012$) in Tables 10 and 11). If only the 

L- form of the acid is utilised, the amounts of growth for each organism 

in Table 13 should bo the snme for the L- and the DL- forms, since the 

latter were used in double the concentration of the former* This is 

seen to be the case throughout, although at tho highest nitrogen levels 

(above optimum concentration) slight deviations are apparent. 
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TABLE   13 

UTILIZATION OF L- AH) DL- FOOD OP AUDIO AGIOS 

Based es dry wight of ayoeliuB produced In 70 al. of basal aediua (Table 1) 
plus the indicated nitrqgen source.   Initial pH approximate^ optiaua for each 
species.   Concentration* of a*iuo acids expressed as percentages of aaino nitrogen* 
DL- anino scids used in double the oonenntrations of the L-fcrae.    Standard inocu- 
!«• need.   Data are for duplicate, 7-day, third-transfer cultures. 

k -laUfc tryptophane 

% aaino nitrogen 
of 

L- acid DL- acid 

^^^^^^^^ Itoelial weid»t-«illi«   ss 
Tifftiitllf w fT ST ' tf*,,MWBt" VrmvsL' "    "t 

0,0004     0.0008 18 
Bg, 
10 

•g.       Bg.          Bg.            Bg. 
5        7        18          18 2         5 

•g*    «g. 
U       12 

0.0008     0.0016 17 18 18       20         21          22 8        10 14      15 
0.0015     0.0098 24 24 27       27        32          33 12         12 19       22 
0.0030     O.0O5O 31 35 40      38       38          39 16        17 20       24 
0.0060     0.0120 54 56 52      54        54          57 32        35 30      32 

0.0120     0,0240 60 62 65      62        70          73 40        41 32      35 
0.0240     0.0480 79 87 93     122        84          89 49        56 58      64 

e 

j % aalno nitrogen • Nroelial MisntHslllicraM 
of 

L- acid DL- sold 
P, an QtlOOlA L.tlxrinus P. anoepe       P.rubosoens 

•• 'HJLT" L-1^ ,  D> L-'     " E-       L-    .    DL- uTC- 
0.0004     0.0008 

Bg. 
18 

•8* 
16 

Bg. 
15 

Bg. 
15 

Bg.            Bg.          Bg.          Bg. 
16          17        30        28 24       26 

0.0008     0.0016 20 18 30 32 24          25        51        58 38      39 

0.0015     0.0030 20 22 42 44 25          28        62        60 40      42 

0.0030     9.0060 38 38 60 59 32          32        76        77 52       52 

0.0060     0.0120 42 43 65 67 41          45         84        87 70      71 

0.0120     0.0240 65 69 78 79 50          52        95        98 89      99 

0.0240     0.0480 83 90 88 180 59         71      132      176 111     128 

(continued on next page) 
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TABLE  23 (CONCLUDED) 

L- and DL- leuolne 

85 

% amiro nitrogen 
of 

1 J^rcelial weifjht-milligrarae 

L- aold 
P-Wl Diferua P.oalustr^s L. trabea P.annoBUB T.serialis 

DL- aoid L- Di- V-     fiL- L-        5L- Li          Mr L-^L- 

0.0004 0.0008 
ag. 

8 
me. 

0 
•8*     ag. 
10       12 

ng*        ag. 
14          15 

•9*       «*• 
3          5 

ag.    ag. 
0        0 

0.0008 0.0016 16 17 17       18 21          22 8         10 8       10 

0.0015 0.0030 27 28 22       22 30          32 16         19 16       17 

0.0030 8.0060 38 40 31      30 38          38 27         29 20       22 

i 0.0060 9.0120 50 54 44      45 44          45 38        37 24       25 

i 0,tl20 0.0240 62 70 53       60 68          69 43         50 28      30 

[0.0240 0.0480 68 92 82     110 92          94 59        74 49       56 

% aaino nitrogen 1 Hyoelial welght-eri Hi grajM 
of P-HMYMMtt L.ti^rinus P. i weeps 

If acid DL- aoid 1?      DL- l-^   DL- lr ^DU U      DL- B     X 
0.0004     0.0008 

ng.     ag. 
12       13 

»g.       ag. 
12        13 

ag. 
0 

ag. 
0 

ag.       ag. 
10        12 

ag.     ag. 
20       22 

0.0008     0,0016 24       25 16        16 8 10 20        22 38       40 

0.0015     0.0030 31      32 28        30 16 15 38        4J 54       52 

0.0030     0.006C 40      44 41        44 22 21 41        43 62     6; 

0,0060     0.0120 . 48       50 58        57 38 4« 72        74 70      68 

0.0120     0.0240 58      62 68        72 43 45 98      UC 75      79 

9.0240     0.0480 73       85 98       129 64 72 183       194 96     122 

c 
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CDtlDATIOK-REDUCTION POTENTIAL (Eta) STUDIES OP SHAKE CULTURES 

11though it was kaown that the wood rota were aerobie rathor than 

anaerobic, and grew well in ordinary oxidised media (4*Eh) exposed to 

the air, nothing was known of their actual relations to redox potential 

in ahake culture. In this regard, thon, determinations were made of the 

Eh of all media before inoculation, and a study also was carried out 

of the Eh changes in shake culture during growth. Eh readings, particularly 

in oulturea exposed to tht> air, are necessarily inconstant, even varying 

widely among replicate flasks, so that the data are indicative of 

typical readings rather than showing accurate values. Further, as is 

well known, Eh varies with pH, and since pH was not constant under 

various cultural conditions, the Eb values are not striotly comparable 

on a constent pH basis. 

Table 14 shows typical initial Eh and pH readings before inoculation 

for most of the media used in Tables 10 and 11. The media were autoolaved, 

agitated on the shaker for one hour, then allowed to stand for one-half 

hour before Eh readings were made. This procedure simulated the conditions 

preceding the inoculation of a flask in routine nutrition studies. 

Examination of Table 14 shows that all media except that containing 

L-cystoine had relatively hifh oxidation-reduction potentials, tho Eh 

in most cases being in the range of • 400 to 4 500 millivolts (n.v.). 

L-cysteine, a strong reducing agent, gave a relatively low Eh of about 

-f- 350 m.v. It is evident that the media in which our fungi grow well 

aro quite highly oxidized. Complete studies have not been made of the 

limiting Eh for growth, although tho results with L-oystoine (see below) 

indicate that none of the fungi except Armillarle mellea (see below) 

f   ) grow well at an Eh more negativo than about +  400 millivolts. 

( 

• 

J 
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TABLE 14 

INITIAL OXIDATION-REDUCTION POTENTIALS OF DNIHOCUUTED NUTRIENT MEDIA 

Media and/or nitrogen components of media are those used In fables 
10 and 11. Nitrogenous components added to basal medium (Table 1) to 
0.012* total nitrogen, except ammonium nitrate to 0.012% ammonium 
nitrogen., and Oh- amino acids to 0*020 total nitrogen. Media autoolsved, 
shaken for one hour, and allowed to stand one-half hour prior to Eh 
determinations. Eh readings based on hydrogen electrode. 

(. 

Medium or Average ! ft 
Component Pfl Averase Ranse 

-f-millivolts + PUliTolts 
Malt extract    (1%) 4.85 431 426-436 
Casein hydrolysate 5.45 466 440-476 
Urea 5.40 436 431 -438 

(W^COj 5.50 416 350-421 
(NV2S°i 5.50 446 436-461 

4   3 
KH^Cl 

5.48 456 433-4366 

5.42 410 406-425 

Glutamio acid 5.52 417 413-421 
Glyelne 5.29 506 496 - 517 

B~ alanine 5.38 456 446-471 
L- leuoine 5.22 466 447-476 
L- cystelne 5.45 356 345 - 368 
L- cystine 5.25 396 394-406 
L- tyrosine 5.30 441 436-456 

L- tryptophane 5.35 456 451-461 
L- pioline 5.30 476 470-484 
L- histidine 5.29 433 426 - 438 

L- asparagine 5.45 486 466-506 
L- lysine 5.29 440 431 - 451 
L- arglnine 5.40 491 484 - 498 
DL- valine 5.42 501 483-504 
DL- isoleucine 5.28 464 457 - 470 
DL- serine 5.31 477 469-486 
DL- threonine 5.30 476 467 - 483 
DL- methionine 5.30 428 422 - 440 
DL- asportic acid 5.45 496 491 - 507 
DL- phanylalanlne 5.42 485 471 - 477 
DL- norleucine 5.28 486 476 - 501 
DL- ornithine 5.18 507 504 - 515 
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k series of studies of tbo Eh changes in shake culture during the 

growth cycle of one to three weeks, depending upon the organism, hare 

yielded little consistent or significant data. Presumably because of 

being continuously aerated, shake cultures did not show the striking 

drop in Eh which is characteristic of miorobial growth in stationary 

cultures. In general, daily Eh readings sere rath-r variable as regards 

replicate samples, the same medium or the same organism, and showed 

little oonsistenoy relative to the Eh trend in growing cultures. Much, 

perhaps most, of this variation was a reflection of the inconstancy of 

the determination itself, in cultures in which there was a continual 

Interchange of gases with the atmosphere. It appears that except in 

special cases, routine Eh determinations in culture ere not significant. 

O 
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Table 11 shown that none of the fungi used grew la the basal medium 

plus L-oystelne through very many aerial subcultures. Studies of the Eh 

of this medium yielded the explanation for laok of growth. This aaino 

acid is ooaoonly used In bacteriological media to obtain reduoed conditions 

for tho growth of anaerobes, and in our work produced an Eh too low 

( 4-350 m.v.) even in aerated culture, for growth of the aerobic wood 

rots. All other amino acid media were more highly oxidised, with an 

Eh of + 500 m.v# (Table H). Good growth of ton organisms tested was 

obtained when ascorbic acid, an oxidising agent which is not utilised 

but which inoreasea the Eh, was added to the oystelne medium to oxidise 

it to an Eh of 4-450 m.v. Growth also could be obtained by decreasing 

the concentration of oystelne, resulting in a less reduced medium. It 

is apparent, them, that L-cysteine is a nutritionally - utilisable form 

of nitrogen under an environmental condition comparable with that for 

the other amino adds, i.e., in a highly oxidised medium. 

an exception to the above statement that the organisms require a 

highly oxldlred medium for growth is armlUarla mellea. which was studied 

separately, because it originally apparently did not utilise amino acids 

(see Table 10-) and therefore was not studied in Table 11. Good growth 

of this organism was obtained only In a less highly oxidised medium. 

For example, the basal medium plus oystelne In a concentration of 0.024$ 

total nitrogen, Eh about -j-300 n.v., supported growth comparable in 

amount to that of other wood rots in highly oxidised media. Thus, 

what appear to be different nutritional requirements of certain organisms 

nay In some cases be a -*eflection of special environmental requirements. 
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DEVELOPMENT 07 SYJJTHETIC MEDIA « OPTIMAL" FOR GROWTH 

The original basal synthetio medium (Table 1) supporta good 

growth of most of our fungi (exception*? k*  ««llea. P, TaUlfTOtlii 

Pt luteofibrata. F. offloinalis (Table 10)), but probably is not 

qualitatively or quantitatively optimal for any species. It should 

be regarded as containing the mlniaua essential nutrients in useable 

concentrations. It seemed desirable to develop, for some of the organ- 

isms, synthetio media which were at least quantitatively optimal in 

the minimum essential nutrients, rather than constituents which 

enhance growth, but arc not essential. 

The •triangle" (3-variable) method (Hildsbrandt etal, 1946) was 

used as a basis for determining the optimal concentration of each 

nutriont in the presence of tbo others, far the constituents of the 

original basal medium plus glutandc aoid as a source of nitrogen. 

Modifications cf the triangle method — the 6-variable and 12-variablo 

systems — also were developed and used. All work was carried out in 

shake flasks and with the other techniques given under Methods. 

In the'triangle method (Fig. 5), concentrations of three nutrients 

are varied simultaneously (keeping the concentrations of other constituents 

constant), usually doubling the concentrations stepwise within the ranges 

covered. For the first approximation to the optimal concentration of 

eaoh of the throe variables (e.g., glucose, glutamlo aoid, thiamin) 

a wide range of concentrations -as used, and the optimum concentration 

was given by the flask showing the greatest amount of growth (dry weight 

of mycjlium). Closer and olosor aoproximations to the "true* optimum 

for thu three nutrients was then obtained by using narrower- ranges about 

t_ '      the optima first determined. After the optima for the first three nutrients 

were established with the desired accuracy, the optimal concentrations of 

( ) 

>\ 
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Tht "triangle" method for approximating the optimal concentrations 

of three variables In nutrition studies. 

91 

\ 

\ 

x*§  2 4 8 

8 ^4 

O Given three nutrients, A, B and C: it is desired to determine 
the optical concentration of each in the presence of the others* 
Ten flasks are set up as shown (0) in the lar^e triangle, each 
flask containing the indicated relative concentrations (la, 4b, 
2c, etc.) of substances A, B and C* For the first approximation 
of the optimum, each substance is used in 1, 2, 4 and 8 times 
some chosen concentration of A, Band C, as shown in the snail 
triangles* The small triangles are, in effect, superimposed 
tc form the large triangle* The absolute values of la, lb and 
lc need not necessarily be the same* The first approximation 
to the optinal concentrations of the three nutrients 5s given 
by the flask (combination of concentrations) which produces the 
greatest amount of growth* Closer and closer approximations 
may then be obtained by using other or narrower ranges of con- 
centrations about the optima previously determined* A greater 
or lesser number of concentrations (flasks) may be used in a 
set than is illustrated above* 

O 

FIGURE 5 

Reference*i 

104 

Hildebrandt, Riker and Duggar, Am-. J. Botany, 
22, 591-97, ltyfr. 
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another set of three nutrients were determined in the sane manner, 

keeping constant the optima first determined. Theoretically, at 

least, the procedure may be repeated, using all possible combinations 

and concentrations of nutrients, until an absolute optimal medium for 

an organism is reached. With this triangle method we hare used either 

5 or 7 concentrations of eaoh of three variat" es, which required 15 or 

28 flasks, respectively, per run. 

In tho triangle method the variables are run only in groups of 

three, so that interaction of each nutrient of the complete medium with 

all of the others cannot be studied at the same? time. The 12-variablo 

system was developed so that concentrations of all 12 constituents 

(including pH) of the basal sodium could be varied and studied simultan- 

eously. Six variables (glucose, glutamio acid, thlamin, potassium 

phosphate, magnesium sulfate and pH) were used in 13 concentrations, and 

the other six (zinc, iron, manganese, molybdenum, oopper and boron) 

in 9 concentrations. This required 43 flasks per run, and more and 

better data was obtained in loss time than with the triangle method. 

The 6-variable system is similar to tho 12-variable method, 

except that tho trace elements are not included es variables. Quantitative 

optima were established for the trace elements by the 12-variablc 

eystan. It was found, however, that the other six constituents had a 

relatively much greater effeot on growth, so that for all practical 

purposes tho concentration^ of trace elements in the original basal 

medium wero "optimum". Hence much work could be saved in developing 

"optimal" media by studying only the six other constituents. Using 9 

concentrations of each of these six variables, 37 flasks per run •sere 

required. 
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We have developed aore nearly optimal media for 9 organisms, using 

the sane concentrations of trace elements as in the original basal 

medium, but varying the concentrations of the other constituents. The 

results are shown in Table 15, based on the 6-variable method. Very 

similar data have been obtained with the triangle and the 12-variible 

methods. 

It is apparent that even in these "optimal" media which contain 

only essential nutrients, there are very large increases In the amount 

of growth compared with the "standard" (original) medium. This varies 

from 3-fold with Dn quero, frna to 37-fold with A. mellea. Prom the data 

obtained by the various methods, it has been found in general that the 

factors most critical in increasing growth are the concentrations of 

glucc. . nitrogen and potassium phosphate, and to some extent the 

proper ratio of potassium phosphate to magnesium sulfate. 

O 
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e , T. 0.  II, 
132-199 

TABU 15 

•OPTIUaL* MSDU FOB GROWTH OF GBBXAIX KXJD-BOTTIIB FUMQI II SHAKE CULTUHB 

Criterion of "growth* is dry weight of ayoeliua produced per 70 ml. 
of aediua la 250—1. Mtlnmyw tlaak. 'Initial pi* la that of aediua 
before Inoculation and la optimal for each organiaa. Teaperatur* of la- 
cubatioc a 28°C. si* variable* (all except traoe eleaente) run at 
tin*. 

V 

L 

Conetltuent 

• 

Original   j 

aadina 
(Table 1) 

Coapoeition of aedlA optimal for indicated 
brown rota 

P. pal-  L»     D. quer- T. aer- F. eub- 
uatria  trabea   eina    lalla   roeeua 

Olutaaie acid • 0.012 0.1 0.02 0.04 0.12    0.08 

Olucoae * • 1.00 
1 

12.0 8.0 10,0 16,0    10.0 

iayo4 » 0.19 0.9 0.4 0.4 0.5     0.6 

*Po4* 0.*9 0.05 0.1 0.1 0.05    0.04 

Thiaalae •* 1.00 2.0 4.0 3.5 1.5     2.5 

Za •* 0.07 
1 

Fe •* 0.09 

Mo •* 0.01 Saae aa in original basal. nnclu-o (4) 

B »* O.iO 
i 

Ms »• o.cx 
• 

GM — 0.01 i 

Initial pH 5.5 5.2 4.4 4.8 4.8     4.2 

Culture age, days 7, U 14 7,1 H 14 7     14 

¥g.  growth in k 49 78 92 192 69     74 

kg. growth in £ 402 692 739 482 789    298 

Growth, B/a x 100 894)1 836* 800% 3175a 1149*    403* 

* Expreased in %. For glutanic acid, aa IjOkSftB* 

** Expressed ae rag. per liter of medium. 
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N6-onr-248, T. 0. II, 
MR 132-159 

Constituent 

Qlutaalo acid * 

Glucose • 

>4 MgSO. • 

Thiamina •» 

2n •• 

Fe »* 

B »• 

Ma »• 

Cu «• 

Initial pH 

Culture age, days 

Hg. growth in A. 

Mg. growth 1o £ 

Growth, B/A x 100 

Original 
baeal 
medium 
(Table 1) 

0.012 

1.00 

0.15 

0.05 

1.00 

0.07 

0.05 

0.01 

0.10 

0.01 

0.01 

5.5 

7, U, 21 

TABI* 15(CO8CL0ISD) 

fi 

Coapoeition of media optimal for indicated 
white rote 

F. gee- 
tropus 

0.12 

4.0 

0.8 

0.025 

1.5 

F. tulip-  A. Ml- 
iferus    lea 

L. tig- 
rinue 

o.U 

20.0 

0.4 

0.1 

1.0 

0.06 

14.0 

0.3 

0*2 

3.0 

0.10 

12.0 

0.6 

0.h4 

2.0 

I 
V Same ae in original basal medium (4) 

5.2 

7 

125 

1350 

1080* 

7, 

66 

0 50 5.4 

u 21 7 

90 25 90 

552 925 924 

613* 3700$ 1025* 

* Expressed in %,  For glutamlc aoid, as | nitrogen. 

** Expressed as mg. per liter of medium. 

O 
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SPECIAL GROWTH CCNDRXOS OP CERTAIN TOCO Ron 

It will be noted from Table 10 that three organisms — 7. offlolralls. 

Pi TiUsMtll «»* P. luteoflbrate. — could not grow la any medium 

(nitrogen aouroo) except malt extract. In addition, |t jfJUfJi did not 

origiriily grow well even in malt extract, and did net originally grow 

at all in the glutamio acid medium or other nitrogen sources except 

casein hy&rolysate. The speeial growth requirements of these form 

organisms were therefore investigated. 

The poor growth of A. mellce, apparently was due to a combination 

of factors* First, continued subculture so "trained" the organism 

that fair growth was finally obtained in malt extract and in glutamio 

aoid medium (Table 10). The meohanlsm of this training was not investi- 

gated. Secondly, poor growth resulted in part from the too high degree 

of oxidation of most media (Eh - -f-400 to 4-500 BUT., Table 14), 

Good growth was obtained in the synthetic medium with oysteine (Eh = 

«|-300 m.v.), which is a reducing agent, as mentioned above in the section 

on oxidation - reduction potentials. 

Growth of ?t  liTteofibrata was limited in malt extract (Table 10) 

and the organism dVo cut upon suboulturo in the othor media. Lack 

of growth apparently in  -lue xergely, at least, to aoid production. 

Daily pfl readings showed that the pH drops very rapidly, aoid being 

produced as xbn result of only a few milligrams of growth. By readjusting 

the pH at 2-day intervals to the original pH 5.5, good growth was 

obtainod in a variety of media. A buffer solution sufficiently concentrat- 

ed to maintain the original pH inhibited growth of the organism. 

As ro2ards the poor growth of P. valllantil and ft  offlclna^f, 

(^ )      oortain essential nutrients were lacking in the original basal medium. 

This was determined by developing speoial synthetic media based on the 

O 
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O "standard" medium. These media are shown in Tablo 16, where it is 

••en that both organisms require adenine in the basal medium, and 

that P. •ttillantii has additional minimum requirements for biotin and 

riboflavin in addition to thiamin. 

O 

C 
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N6-onr-24B, T. 0. II, 

MR 132-159 

o 

TABUB 16 

SYNTHETIC MEDIA FOR WOOD-ROTTim * ONGI NOT GHOWING IN "STANDARD* SYN- 

THETIC MEDIUM, 

Constituent 

Glutamic aold * 

Glucose * 

Mgso4» 

Thiaaine •* 

Zn •• 

Fe •» 

Mo ** 

B *• 

Mb •» 

Cu *• 

Adenine •• 

Additional 
requirement,* 

Initial pH 

Mg. growth in 
salt extraot 

i 
Original 

medium 
(Tabl* 1) 

0.012 

1.00 

0.15 

0.05 

1.00 

0.07 

0.05 

0.01 

0.10 

0.01 

0.01 

0 

5.5 

Composition of media for growth of indi- 
cated fungi. All cultures 14 days old. 

F. offioinalls P. vaillantii 

0.10 

10.0 

0.7 

0,03 

2.0 

0.-06 

10.0 

0.5 

0.05 

3.0 

as in basal original medium (A) 

18.0 

4.5 

63 

296 

470$ 

( ) Mg, growth in g 

Growth, B/malt erb. y 100 

* Expressed in %,  For giutamic acid, as % nitrogen. 

** Expressed as mg. per liter of medium. 

20.9 

Biotin — 2 gammas per 
liter; riboflatfin *~ 
2 ag.  por liter 

5.0 

96 

115 

130* 
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VITAMIN RELATIONSHIPS IN SYNTHETIC MEDIA 

It has already been found thatt 1, T« aerialia and PB rubescena 

require no vitamins in synthetic media (Tables 10 and 11), 2. All 

other species studied require thiamin (Tables 10 and 11)}  although 

P, palustrls and P. tuliBJfsrus, at least, ean substitute biotln for 

thiamin (Table 4)„ 3. Vitamins and nutrilites other than thiamin 

may stimulate growth, but generally are not essential (Table 4)* 

4* F. offioinalis and P., valilantii require adenine in addition to 

thiamin, and the latter also needs biotin and riboflavin. Further 

studies have been-made of some of these relationships of vitamins to 

gj?0'*th. 

Substitution of biotin for thiamin. Following up a previous observa- 

tion that with two organisms biotin could be substituted for thiamin, 

we have studied the rest of our wood-rotting fungi in this regard in 

the basal medium with glutamid acid but without thiamini Preliminary 

studies showed that 2 gammas ^ST liter of biotin gave approximatly 

maximum growth, so this concentration was used throughout. The results 

are tabulated in Table 17. For most orgonirme, biotin gave continued 

growth in serial subculture, although the amount of growth at the end 

of 7 days' incubation was not usually as great as with thiamin. Certain 

organisms died out in biotin, namely, L, saepjaria, P, beiulinus, 

Prf-JjfflSi&aa, P. coppa and £, iBfigflUfl&fti P. luteofibrata, A. aallea, 

F, offioinalis and p. vaillantii which have special nutrient requiremeuts 

(see previous section) did not grow at all with biotin. These results 

suggest that most of the organisms havo two metabolic pathways for their 

basic motabolio activities. Microbiological essays for thiamin were 

carried out on all culture filtrates before and after growth, but no 
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TABLE 17 

EFFECT OF SUBSTITUTION OF BIOTIN FOR THIAMINB ON 
GROWTH OF WOOD ROTS IN SKAKE CULTURE AT 2fi°C9 

Basal medium (Table 1) plus glutamie acid (to nitrogen of 0.012*), with 
thiamine (l asg. per liter) and with blotin (2 gasnma per liter) substituted for 
thiamine. Medium was adjusted to approximately optimum pH for each organism 
(see Table?). Standard inoculum used. Growth response expressed as milllrrams 
of dry weight of mycelium par 70 ml. of medium. All data are averages of dupli- 
cate, 7-day cultures. Figures for growth in thiamine are third-transfer data; * 
for growth in blotin, Column A is third-transfer and Column B is ninth-transfer, 
unless otherwise indicated. A superscript after a zero shows the number of the 
serial transfer in which growth died out. 

Organism 

Brown rots •*• 

Ceniophora cerebella 

Oaedalea quercina 

Fomes efficinalis 

Femes meliae 

Fosses roseus 

Fomes subroseus 

Lentinus lepideus 

Hydnum pulcherrlmum 

Lensites saeplaria 

Lensites striata 

Lensites trabea 

Herullus laorymans 

Folyporus betulinos 

Polyporus tamltas 

Folyporus palustris 

FwlyporuB spraguei 

Pelyporus aulphureus 

Polyperus sehweinitzii 

Feria eleraceae 

Peria oeoea 

Poria incrassata 

Ryceliai we L^ht - milligrams 
with 

thiamine 

A 

with 
biotir | 

5 

24 20 17 

19 18 29 

0 0 0 

95 65 62 

32 19 22 

77 5§ 54 

20 12 14 

24 

18 

22 

5 

21 

1© 26 24 

89 33 32 

33 20 19 

36 

24 9 

86 45 51 

28 29 3« 

36 29 28 

35 22 22 

lit 77 75 

3« 

45 

9 

o2 0 

(oontinued en next page) 
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Broun rots (cont'd) 

Port* lutaofibrata 

Poria aontioola 

Perl* nigra 

Poria vaillantii 

Poria xa&tha 

Ptyohsgastsr rubssoane 

Tr—stss ssrialia 

Traaetea malieola 

White rota - 

Armlllaria melloa 

Faaea anooaua 

Paass fomantarius 

Pcaes gsotropus 

POMS pini 

Lentlnua tigrinua 

Psniophora gigantaa 

Polyporua abistinua 

Polyporua fiaaosua 

Polyporus rsraieolor 

Poria subaeida 

Polyporus aneepa 

Polyporus tulipiferus 

M 
tMnrltr biotin 

24 t2 

98 62 

115 3t 

0 t 

7§ 59 

128 67 

40 28 

43 22 

0 0 

66 39 

4 5 

58 30 

36 18 

100 16 

115 40 

134 22 

20 25 

92 84 

60 28 

54 27 

76 34 

B 

C 

60 

33 

0 

58 

69 

3§ 

24 

0 

38 

6 

26 

17 

18 

38 

27 

23 

87 

29 

29 

31 

y 
v 
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r~ ) thlsmln was found. Thiamin assayo of the mycelium of the orfanisas 

after growth were somewhat inconclusive, at good digesta of the 

mycelium could not be made. The assay data indicate that a few 

organisms contain traces of tLlamln in the myoelium, but apparently 

appreciable quantities of thlaaln are not syntheslsed during growth with 

blotin. 

Bffeot of components of the thiamino molecule. Previous preliainary 

data had suggested that certain wood rots could utilise one or the other 

component of the thiamine molecule, instead of requiring the whole 

molecule. Tests with 15 selected organisms were run to investigate 

this point, using the basal medium plus glutamic acid. The following 

were added separately to this medium* thiamine (control), thiasole, 

"pyrimidine" (2~methyl-5-brottomethyl^-aminopyrimidine dihydrobromide 

instead of the chloride), and thiazole plus pyrimidine. The thiasole 

and pryioidine were used in concentrations equimolar to thiamine. The 

results are tabulated in Table 18. 

It is apparent that the organisms fall into five groups as regards 

their ability to utilise thiar.lne components. Group 1 organisms require 

the whole thiamine molecule; group 2 organisms can grow in thiasole plus 

pyrimidine, but not in either of the separate components; species in 

Group 3 utilise thiasole plus pyrimidine, and thiasole alone, but not 

pyrimid'.ne alone; Group L species grow in thiazole plus pyrimidine, and 

In pyrimidine alone, but not in thiasole alone; Group 5 contains species 

whloh can utilise thiasole plus pyrimidine, thiasole alone, or pyrimidine 

alone, in addition to the thiamine molecule.   These groups are 

reflections of various synthetic mechanisms in the different species 

of brown and white rots. 
C 
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TABLE 16 L03 

EFFECT OF CCSSPOHSSTS OF 1HE THIAMIHE MOLECULE ON 
GROWTH OF mm ROTS IN SHAKE CULTURE AT ZB°Q, 

Basel medium (Table 1) plus glutemic acid (to nitrogen of 0.0125?), with 
thianlnc control (1 m%„  per liter} and with thiasole (0,42 ng. per liter) and 
pyrimidine (as bromide instead of chloride, 0,34 mg, per liter) substituted 
for thiamine in concentrations equimolar to thisiaine. Media were adjusted to 
approximately optinum pH for each organism (see Table 7), Standard inoculum 
uted. Growth response expressed as milligrams of dry weight of mycelium per 
70 ml, of mediuc; No growth without added nutriliteSo All data are averages 
of duplicate, 7-day cultures, after three serial transfers in the given medium. 
Brown rots and white rots indicated by (B) and (W) respectively. 

O 

IfflftR* 
ThlftEsle J- 

Thiasole Organism       Th Pyrimidim Pyrimidine 

Grew 1 
Lenbinus lepideus (B) 22 0 0 0 

Polyporus immitus (B) 18 0 0 0 

Group 2 
Pomes meliae (B) 100 40 0 0 

Lenaites trabea (B) 90 46 0 0 

Group 3 
Polyporus betulinus (P) 93 89 30 ft 

Polyporus tulipiferus (W) 85 83 230 0 

Group 4 
Trametes malicola (B) 38 25 0 20 

Trametes serialis (B) 72 70 0 35 

Group 5, 
Fames rosens (B) 35 31 23 25 

Polyporu? anceps (W) 62 43 36 35 

Polvporus sohweinitzil (B) 33 23 20 22 

Femes annosus (W) 68 78 74 63 

Femes pini (W) 26 25 30 25 

Fanes subrcseus (B) 75 73 70 65 

Polyporus palustris (B) 92 68 84 36 

l > 

AH 
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tttatH M iMrtl at TttMto a^jagjtf fcMteaigto taU» Neither 

of those vitamins had previously been triad, sad vitamin B^2 ("Oobione*, 

•Vrck) is only newly available. They were used In the synthetic 

medium (Table 1) with glutaaio void (0,012$ nitrogen) and thiamine 

(1 mg. per liter). Vitamin B^ wa* **••* *° 8 concentration of 0,1 

gamma per liter, and p-e-b ei 2 ag. per liter. 

The following organisms, tasted with vitamin B^ Plus thiamine, 

showed no difference in growth in the presence of this vitamin than 

in its absenco (thiamine only)t P. tullpjferuw. P. incrassata. P. mogtloola. 

ft Mlwfttlf» La alBlfllMft. ft W^WW* 1ft trabea, P, ancepe, F, roseus, 

F. maliae. F. offloinalis. P. xantfaa. P. oooos. P. nlgra. P. snraguei. 

and P. valllantji. (The latter two organisms did not grow with thiamln.) 

The tailoring organisms, tested with p-eminobensoic acid plus 

thiamino, showed no difference in growth in the presence of this nutrilite 

than in its absence (thiamine only)? P. tullpjferust p. anoepe. 

Li }9P*floifF« 

O 



o 
103 

UTILIZATION OP DURFiENT C4RB0N COMPOUNDS 

It hss treriously been shown (section on Utilisation of different 

fonaa of organio and inorganic nitrogen la synthetic asdla) that 

pt palustrla and P. tifllplfsrof could not use any aalno acid aa Ita 

sole source of carbon, and that none of our wood rota could use 1-glutamic 

add as a sola source of carbon. Carbon sources other than aalno acids 

and glucoso hare been studied aa regards their utilisation by P. palustris 

and P. tuliplferas.adding the compounds to the basal aediuo (plus 

glutamlo acid) in place rf glucose. 

The concentration of each carbon source waa such aa to give a 

carbon concentration equivalent to that In the standard 1% glucose. 

Utilisation of each compound is expressed as milligrams (dry weight) of 

mycelium in the third aerial subculture In standard shake fleaks. The 

results are shown in Table 19, It is apparent that both organisms 

utilise the same carbon compounds, and that all compounds are utilised 
e 

except certain organio acids - acetic, citric, malic, end tartirie. 

Pyrorfc and succir.io acids apparently were metabolised, although to a 

lessor degree than most of the othjr carbon compounds. The amount of 

growth in glyoerol is striking. 

O 
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T4BLE 19 

Growtn of P. paluatris and P. tulJPlferus in shako culture at 28° 

C, in the basal medium with various carbon compounds substituted for 

glucose* 

Growth expressed as milligrams (dry weight) of mycelium per 70 ml. 

of medium. Date are averages of duplicate, 7-day cultures, after throe 

serial transfers in the given nutrient. Original Inoculum from basal 

medium with glucose. 

Carton, spuroe 
•g. 

P. tuliPiferus 
ng* 

Acetic acid 0 0 

Citric acid 0 0 

Fructose 63 u 
Galaetoso 26 39 

Glycerol 149 138 

Lactic acid 37 29 

Lactose 41 17 

Ifeleie «eld 0 0 

Maltose 63 84 

Pyruvio acid 19 17 

Sucoinio aoid 33 29 

Sucrose 43 17 

Starch, soluble 63 69 

Tartaric acid 0 0 

Glucose (control) 96 77 

o 
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Studies of carbohydrate utilization (oxidation) also were made 

using the warburg respiroraeter* Utilisation is  measured in terms of 

oxygen uptake under standard conditions (exogenous respiration). Only 

I, palustris has been studied in this regard, as great difficulty was 

experienced in developing a proper technique with the wood rots. The 

manometric technique is a more delicate one than fermentation for 

studying carbohydrate utilisation. 

For consistent results in measuring the oxygen uptake, the inoculum 

must be properly prepared and standardized. . After many trials to obtain 

a uniform iqrcelial suspension with a high exogenous respiration, the 

following procedure was the best that could be devised. From a stock 

culture of the organism on a potato dextrose agar slant, transfer a 

small piece of mycelium tc 70 ml. of 2 % malt extract in a 250-ml. Erlen- 

(_)      meyer flask. Incubate afe 28° C. on the shaking machine for 5 days to 

produce pellets. Transfer the contents of the flask to a Waring blcndor 

and blend the pellets for one minute. Transfer an aliquot of the blended 

suspension to a 15 ml. centrifuge tube and spin down for two minutes at 

2000 r.p«m. Discard the supernatant, rcsuspend the cells izx distilled 

water, and centrifuge again. Resuspend the colls in distilled wator to. 

give a suspension of about 10$ by volume. One ml. of this suspension 

is then usad to inoculate 70 ml. of 2$ malt extract in a 250-ml. Erlen- 

meyer flask for starting the final inoculum. Incubate on the shaking 

machine for IS  hours to obtain the basic inoculum for the Warburg deter- 

minations. The pellets may nav either be blended in a Waring blende* 

for 5 seconds, or transferred intact to a 50 mi.centrifuge tube. Unblended 

pellets give somev/hat better results later. In either case centrifuge 

at 2000 r.p.m. for 2 minutes, wash with distilled water, and repeat three 

times, kfter the final centrifugation resuspend the cells in 50 ml, of 

O 



0 phosphate buffer, pH 5.5, transfer to a 250-ml. Erlenmeyer flask, and 

put on tho shaking machine for 24 hours to sterve the cells in order to 

decrease endogenous respiration. Centrifuge the cells and resuspond in 

phosphate buffer to give a suspension of approximately 2056 by volume. 

One ml, of this inoculum is used per flask in the Warburg apparatus. 

Using the above standard inoculum, the oxygen uptake of Polvporus 

palustris was determined manometrically with several carbohydrates in 

1% concentration as substrates. The endogenous respiration of the 

starved ^ells was measured at the same time, and the exogenous figures 

corrected for the endogenous value. Table 20 sho*» the correctad ex8- 

genous respiration values, expressed as micro-liters of oxygen per 

milligram of cells per hour. The values shown are averages of triplicate 

determinations, (Endogenous values varied between about 1 and 2 micro- 

liters Ojg/mg./hr.) 

O 
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TABLE 20 

Exogenous retpiration of P. Palustrls on various carbohydrates, 

oorreoted for endogenous respiration. Oxygen uptake expressed as - 

nlorollters Og/ng./hr. Figures are averages of triplicate determinations. 

Substrate 
Average Standard 

Pevjatfcss 

Fruotose 2.29 0.54 

Galaotose 2.U 0.12 

Suorose 2*13 0.06 

Qluoose 2.02 0.12 

Maltose 1.94 0.16 

d-Mannose 1.92 0.11 

Dextrin 1.73 0.12 

d-Xyloee 1.67 0.12 

Glyoogen 1.60 0.14 

ftrabinoee 1.49 0.17 

Cellobiose 1.20 0.16 

Laotose 0.49 0.05 

d-Ribose 0.43 0.07 

l-Rhaimose 0.16 0.05 

c 

The data in Table 20 show that this organism utilises all of the 

carbohydrates, although laotose, ribose and rhomnose are used rather 

poorly. (All oxygen uptake values for this organism are rather low 

compared with most bacteria, other fungi and other typos of oells. 

Whether this is normal, or whether the beat technique has not been 

developed, is not known.) 
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STUDIS* OP QbO <TH IX MBJBS) BOTTLB CULTURE 

These studies war* carried wit to compare certain aspects of growth to 

largo aerated cultures with that in shake culture, to determine the amount of 

growth and acid produced when the pH was and was not adjusted periodically, and 

to determine the amount of acid produced (titratable acidity) during growth 

and fermentation* The nitrogen sources - - glutamle acid, amonlua sulfate, 

ammonium nitrate and ammonium carbonate • - were added singly to the basal 

medium (Table 1) in a concentration to give 0,013% total nitrogen in each ease* 

The concentration of glucose used was only OVJff instead of 1% as used in ahakw 

culture* Thiamino was added as 1 mg* per liter, and adenine as 13 mg* per 

liter, the latter to stimulate growth and fermentation* One-liter quantities 

of medium were used in 2-quart bottles (Fig, 2,abpv* )* and incubation was 

at 28* for 7 days* Sterile air was forced through the cultures at a rate of 

approximately 2 liters per minute* 

The following organisms were studied in aerated bottle culture: P, 

n£ust£l&» fct lepidcus, P, ruboscsns, Pt tuj^pjforus, and F, annosus. Two 

serieu of tests were run concurrently - in one set the pK was adjusted back 

to the original 5*5 daily, while in the other set no adjustment was made* 

Determinations of pH, titratable acidity and cyeelial weights (dry basis) 

were made at the end of 7 days* Table 21 shows the results of thsse experiments* 

The data in Table 21 show that there was, in general, less difference than 

might be expected in the amount of arowth whether the pH was adjusted daily or not 

adjusted at all during incubation. These differences were most marked in snmonlum 

sulfate, in which all organisms produced appreciably more total growth in 7 days 

when the pH was adjusted daily* P. JQj^fCjpj in glutemic acid also is noteworthy* 

There were greater differences in the amount of acid produced as regards pH adjust- 

ment, although these differences ware not consistent evtn with a given organism* 
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GROWTH OF WOOD ROTS IN AERATED BOTTLE CULTURE 

Culture medium: basal medi^ai *itb glucose (0.55»)t thiaminej. adenlne, nitrogen 
source (0,01256 total nitrogen). Original volume of mediu&i 1 liter; original 
!>H • 5.5. Aeration rate: 2 liters per minute. NaOH give*; as total irl. of 
N/'O. 25 used to neutralize 10 ml, of medium during 7 days. 

pH adjusted daily 

Nitrogen 
source and 
organism 

GLutamic acid 

Kycelial 
weight - 
7daya 

NH 

Final 
PH m 
UB 

pH 

NaOH 
to neut- 
ralise - 
7 days 

ml. 

P, palustris 
L, lepideus 
P, rubescene 
P, tuliplferus 
F, annosus 

0.6008 
0.5917 
1.8702 
3.0000 
0.2820 

2;98 
4.92 
6,00 
5.90 
6,50 

1.47 
0,05 

0,26 
-0,06 

/ 
(5%>2S04 

P. palustris 
L. lepideus 
P. rubescens 
P. tulipiferus 
F, annosus 

0.4533 
0.6979 
1.5382 
1.1520 
0.1930 

2.60 
3.32 
5*10 
6.00 
5.70 

0.51 
0,16 
0,20 
-0,05 
-0,02 

P, palustris 
L, lepideus 
P, rubescens 
P, tulipiferus 
F, annosus 

0,6102 
0,4C63 
0.8526 
0.10/}0 
0.0380 

2.22 
6,60 
6.50 
5.95 
6.20 

0.27 

0,14 
»0,06 

(%)2co3 

P, palustris 
L, lepideus 
F, rubescens 
P„ tulipiferus 
?, annosus 

0.0316 
0,1270 
0.0310 

6,50 
4,90 
6.20 

mm 

0.4* 
0.14 

-0.10 

pH not adjusted 

v'Kfcelial 
Weight - 
7 .days 

gBBe 

0.35a 
0.2806 
1.0420 
0.9450 
0.1030 

1.092 

Final 
pH - 
U222. 

PH 

2.62 
3.72 
3.02 
5.50 
5.50 

2.90 

NaOH 
to neut- 
ralize - 
? &*y* « 

ml. 

0,8688 2.05 1.1 
0,6513 4.88 0.05 
0,8821 6.05 - 
3.3500 5.50 0 
0.3990 6.20 - 

103 
0.09 
0.80 

-0.10 
0 

0,4541 2.12 0.11 
0,4198 7.20 - 

0.7487 6,10 - 
0,3020 5,50 0 
0,0090 5.00 0.01 

1.2 

0,8317 3;5o 0,37 
0.1010 4.90 0,11 
0.0150 6.50 -1,10 
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In one medium m  organism, e.g., P. galustrls, produced more total acid 

when the pH was adjusted, while in another medium the same fungus produced 

more acid when the pH was not adjusted from day to day. It appears 

impossible to generalise as regards the effect of adjusting pH during 

growth* 

The results show that in glutawle acid, P. tulipiferus made by far 

the best growth, and the amount was twice as great as any other organism 

in any nitrogen source. In ammonium sulfate, P. tulipiferus and 

P. rubes ions were nearly the same in production of mycelium, while in 

ammonium nitrate, P. rubesoens produced nearly twice as much growth as any 

other organism in that compound. The greatest amount of growth in 

ammonium carbonate was produced by P. oaluatrls. F. annosus grew best in 

glutamic acid, while L. lopideus also favored glutamic acid over the 

(~\ inorganic nitrogen compounds. Thus the various fungi differ among them- 

selves as regards their best nitrogen sourer, although in general glutamic 

acid supported more growth than the inorganic nitrogen compounds. 

Whereas in shake culture acid is invariably produced (Tables 8 and 9 

above), in the aerated cultures the pH was more alkaline at the end of 

7 days with certain organisms in various nitrogen sources. P. galustris 

was consistently the best acid-producer in ail nedia; while the other 

organisms sometimes produced an acid reaction and sometimes on alkaline 

one by the end of the incubation period. A possible explanation for the 

alkaline reaction may be that because of the relatively high rate of 

aeration in the bottle cultures, organic acids n'hlch are produced nay be 

further oxidized, forming alkaline carbonates. 

The above studies show that controlled growth in was?, culture is 

feasible. Pellet size, and to some extent the total amount of growth, is 

controlled by the rate of aeration. The compressed air is readily 

O 
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sterilised by passage through dry, sterile fiber-glass filters. The 

method is usoful in the quantity production of mold enzymes and fermenta- 

tion products for analysis, 

CHEMICAL FhODUCTS OF FERMENTATION AND/OR SYNTHESIS OF THE WOOD ROTS 

In addition to oellulolytlo enzymes (seo later), we have observed 

and studied to some extent certain other metabolic products. These 

include organic acids, polysaccharides, pigments and storols. 

Identification of oxalic and succinlc acids as products of 

forfloatation. It was noted (Tables 8 and 9) that P. palustris produced 

a pH of about 2 in shake culture within a week, hence this organism was 

used in studies to dete.isdne rhat acids wtre forced. The growth medium 

used consisted of the basal medium (Table 1), glutamic acid (0.012% total 

nitrogen), thiamine (1 mg. per liter), acLnine (13.7 mg. per liter), 

and glucose (0.5$); pH 5.5 after aterlizatior*. The medium was added 

in 1-liter amounts to 2-quart. bottles. Incubation was at 28° C. for 

1 week with forced aeration (2 liters per minute). After incubation 

the mycelium was separated from the culture fluid by filtration, and the 

liquid used for the identification of acid, The chemical procedure was, 

briefly, to a-rtract the culture fluid with ether in a continuous 

extractor, evaporate the ether and reorystailise. Elementary analysis 

was carried out on the resulting white crystals and melting points and 

neutralization equivalents determined. The acid appeared to be oxalic. 

The p~toluidide derivative was prepared; its melting point (269.5°C.) 

checked closely with a known sample (269.3°C.) (The literature gives 

268°C. as the melting point of this material). It was concluded that 

£_)      the acid was oxalic acid. No quantitative studies of its production 

have yet been carried out. With Fomes annosus in the medium dsscribsd 

C 
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{  )      above, sucoinis acid was identified by preparing silver succinate. 

Funaa? polysacoharides. Several of our cultures of wood rots in 

shake culture in synthetic media produce large amounts of "slimeM. 

For F. aellae and F. abletInus the material appears to be a polysaccharide, 

Figments. Pigment production by several of the wood-rotting fungi 

has been noted in various synthetic media in shake culture, and has 

included yellow, orange, red and brown coloration in the medium and/or 

mycelium. 

An orangej water soluble pigment was produced by Lenzites trabea 

in various synthetic media. Increased concentrations of certain of 

the trace elements {iron, 0,1 ~ 0.15 mg./i.j sine, 0.14 - 0.21 mg./U? 

molybdenum, 0.02 - 0,03 mg./l«» a»<* boron 0.02 - 0.03 mg.A.) caused 

intensification of the pigment. In connection with the development of 

an optimal medium for L„ trabea (see above), it was found that pigment 

was not produced when the concentration of glucose was 14$ or mere, 

regardless of other constituents. Maximum pigment formation took place 

in 2 - L% glucose. That lack of pigment was not due to increased 

amounts of trace elements in the sugar, was shown by purifying the 

glucose by solvent extraction with dithlosone in carbon tetraohloride 

and 8 - hydroxyquinoline in chloroform. The use of this purified glucose 

still showed no pigment produced above a 1/$  concentration. When starch 

(up to 20$ concentration) was substituted for glucose, pigment was still 

produced, suggesting that the mechanism of inhibition of pigment by 

glucose probably was an ogreotic phenomenon. 

With Lentinus tigrinus. a yellow-red pigment was produced in 

synthetic media* Pigmentation varied with the pH of thu media, no 

pigment being produced (or at least apparent) below pH 4. At pH 5.5 

O 

o 
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(~ myoelial pellets were red and the solution yellow) at pH values 

above thi* both the pellets and solution were yellow. The pigment 

In this oaae acted to some extent as an indicator, • 

Three organises - L. striata. &, sallei and F. pinl produced 

intense orange pigmentation in the basal medium with glutamio acid* 

The pigment of L. strata was identified' aa a corctlnoid, probably 

xanthophyll, by chemical tests and absorption spootra* E* l,uteof frbrata 

and \L  lacrynans in synthetle media produced a yellow pigment which 

turned red whan exposed to light. 

Preliminary results with chromatography indicated that this technique 

might be usoful in the study of fungal pigments. 

' Sterols. Preliminary screening studies indicate that: some of the 

word rots form sterols In malt extract media, and smaller amounts in 

synthetic media. 

STUDIES OB CELLULOLITIC EMZTMES 

The wood-rotting Dosldiomyootes are virtually the only organisms 

which can act on cellulose combined with lignln (as in wood), although 

many other types of microbes, as well as the wood rots, can act on more 

or less "pure" cellulose. It w* therefore of great fundamental interest 

to investigate the production and characteristics of the oellulase(s) 

of those fungi. 

Several methods were tried out to soreen organisms for eellulolytlo 

aotivity and/or assay oellulese. For convenience, these methods usually 

employed a cellulose substrate other than wood. The methods depended 

(_)      upont A. Visual observation, and B. Chemical determination of end 

products. 

O 

1  I 1  !!_•» •»•»•«« 
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o 
A. Msthods dependent upon visual observation for estimation 

1. Growth of the fungi on cellulose agar plates. - - 

Hsdiuat agar containing known nutrients, with added 

bill-milled filter paper or wood meal to produce 

opaqueness. Organisms streaked on surface and plates 

incubatedi oellulase production supposed to produce 

sane of clearing around tho line of growth. Composition 

of medium and concentration of oellulone rather critical. 

Boat results with base layer of dear agar hardened in 

plate, then thin layer of cellulose agar on top, Slew 

growth of organisms and lack of clearing in many coses 

made this method impractical. 

, 2. Growth in cellophane bag. - - Because tho organisms 

atteck cellophane (regenerated cellulose) their activity 

can be estimated from the time required for the bag to 

break. Bags made of cellophane tubing, and containing 

culture fluid, were suspended in more culture fluid 

inside of flasks. Thu fluid inside of the beg was 

inoculated with the organism. Collulase breaks bag in 

a few days, but method is cumbersome end not very 

quantitative. Refinements might make the method usoablo, 

but probably not praotloal. Carboxymethyl cellulose 

film? also were made fragile, but not cellulose acetate, 

3. Growth in shake cultures containing finely-divided 

oellulose. - - Beoause of difficulty of separating 

\^J cellulose and mycelium, the estimation of breakdown is 

not readily done. Breakdown of wood can be estimated by 
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the dye-absorbtion method (see later), assuming that the 

method measures cellulose. However, the dye-absorbtion 

method is not very suitable for the rapid determination 

of relative cellulaee activity. 

4. Growth on eheets of paper. - - Various kinds of paper 

sheets were placed on the surface of nutrient agar, 

inoculated and incubated, Ifoakeniag of some types of 

paper quite marked, but method not considered as good 

as some others. 

5- The cellulaee assay tube (drop-weight method). This 

apparatus can be used either for a growing liquid 

culture or for a filtrate. It consists of a glass tube 

open at both ends, smaller at one end than the other, 

and with both ends slightly flared. The tube fits into 

the neck of our standard shake flask (250-ml. Erlonoeyer), 

The lower end of the tube dips below the surface of the 

liquid (culture or filtrate} in the flask. This lower 

end has a narrow strip of cellophane aoross it} several 

stainless steel balls rest on the cellophane strip. 

(The eel lophane is Dupont #450 P T, out into strips 0.33 

cm. wide. Fire stainless steel balls (bell bearing) were 

used; they wore 3/8" diameter, and each weighed 5.26gm.). 

Production or presence of celiulaae in the liquid weakens 

the strip, allowin? the balls to fall to the bottom of 

the flask. The time required for the strip to weaken 

sufficiently for the balls to fall is a measure of 

C_ • cellulaee concentration or activity. Average cellulose 

activity allows the weights to drop in 72 to 96 hours. 

Unconcentrated cellulaee. 

(    ) 
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(See Fig we 6 below, for the oonstruction and assembly 

of the apparatus). inia  m. thod has been found very 

usoful for screening of liquid cultures and/or culture 

nitrates for cellulolytic activity* 

6. Dye-absorption method, a practical problem of some 

concern has bocn th-.t of determining. In the presence 

of fungal mycelium, the amount of cellulose breakdown 

In sawdust in submerged culture. It has not been 

possible to aeparato the fine sawdust from the pellets 

of mycelium for this purpose, hence chemical methods of 

determining breakdown have not provod feasible. We 

have developed a selective dye-abeorbtion method for 

this purpose, which appears to give consistent results. 

f Ihile we do not have Incontrovertible proof that the 

method measures trie disappearance of cellulose only, it 

appoare probable that this is the oase. Certainly the 

method measure? the renewal of some substance(s) from 

wood whioh has undergone fungal action In aerated culture, 

and controls on pure oeilulosc and on biologically-de- 

graded wood of known lignin content strongly suggests 

that it is cellulose which the raetn^d doterminas. The 

method has not yet been investigated sufficiently to 

guarantee its reliability, but the technique and results 

are herewith presented tentatively. So far, only pine 

sawdust has been used* 

In principle, the finely-divided wood, whioh has been 

subjected to the c.ction of fungi, is stained in the 

presence of the fungal mycelium. The cellulose and 

v 

O 



119 

o 
N6-onr-24£, T. 0. II, 

NR 132-159 

A— — ~ 

Vertical Section 

C   r 

-  G 

Betton, View 

O 

A 25C-mi Erlenmeyer flask 

3 cellophano cap 

C pilules* esaay tube 

D inoculation port 

E 3tainle88 steel balle 

F rubber collar 

G cellophane atrip 

H culture medium or filtrate 

FIGURE 6. CELLULASE k  SAY TUBF ASSEMBLY 



120 

probably the lignin take the dyo, and the mycelium 

( also staine to acme extent. The firit de-staining 

(step 4, below) apparently removes most or all of the 

dye from the lignin and mycelium, but not from the 

cellulose. The second de-staining (steps 6-8,.below) 

removes the dye from the cellulose, the amount of dyo 

present and removed presumably being proportional to 

the amount of cellulose in the collulose-lignin complex. 

The amount of dye removed by the second de-staining is 

quantitated in a spcotropbotometer and, by comparison 

with a standard dye curve prepared using unfermented 

wood meal, the amount of cellulose breakdown is obtained. 

The details of procedure follow. 

The wood meal (80 mesh) and mycelium from a shake 

culture (or other submerged culture) are collected 

on an aabestoa oat in a Gooch arucible or in an 

alundum filtering crucible. The material is then 

treated as follows: 

asalttsM 

1, Moisten with 9556 ethyl alcohol, then suck dry with vacuum. 

2, Stain for 5 minutes with tho following solution, then suck dry: 

malachite green 0,5 gm, 

distilled water 150  ml. 

ethyl alcohol, 95$        50  ml. 

3, With suction, wash 20 ml. of diatillod water slowly through tho 

crucible, 

1   ) U.    ^ith suction, drip slowly through tho crucible 20 ml. of acid alcohol 

(1 part concentrated HC1 plus 99 parts absolut \  ethyl alcohol) until 
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O the nitrate it colorless. 

5. Air-dry for U hours, or for 20 minutes at 100°C. 

So-staining 

6. Place the orucible and its dried contents in a 50 ml, beaker, and 

carefully pipette luto the orucible without disturbing the mat of 

wood meal and mycelium, 10 ml. of the following solution: 

absolute ethyl alcohol      50 ml. 

methyl alcohol, 95% U5 ml. 

concentrated HC1 5 ml. 

7. After 30 minutes the orucible is removed from the beaker,'placed on 

a stainless steel mesh error the beaker, and allowed to drain into 

the beaker. 

8. An additional 5 ml. portion of the above solution (6) is ailowod to 

drain through the orucible, and is collected in the beaker, 

9* Another 5 ml. portion of the same solution is used to wash any dye 

from the crucible and wire mesh. 

10. The volume of the liquid collected in the beaker is brought up to 

20 ml. with more of the solution. 

11. An aliquot of the 20 ml. volume of do-staining solution, containing 

the dyo eluted from the ce3" -ae, is quantitated for dyo concentra- 

tion in a speotrophotometer. 

The concentration of dy?, compared with a standard prepared using 

unfermontod wood, is a m&?«ure of the amount of cellulose broken dov.-n. 

B. ttothed depending upon ohemical determination of end-produnts of 

oellulase activity. 

(   ) 1. This dopends upen thw reducing characteristics of products of 

dopolyoerised cellulose, i.e., sugars, eto. As cellulose is 
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en?ymatically attacked, the hydrolytie action la one of splitting the 

1, 4-B-glyooaidi© linkage, making available a reducing group at the 

*1" position. The reducing capacity of ths substrate is thus increased, 

such increase being in relationship to the number of linkages split. 

Metabolic fluid from cultures of wood rots is buffered and incubated, 

with a cellulose substrate, under toluol. Reducing substances which 

aooufflulato result from the notion of the oellulase on the cellulose. 

These substances are determined by the Folin-'Ju method for glucose, 

which depends upon the reduction of oopper and of molybdenum. The 

intensity of blue oolor of the latter is proportional to the amount 

of glucose (or other reducing substance) in the test fluid. Spectrophoto- 

metrically, quantities of reducing substances (expressed as glucose) as 

low as 0.012 uig. per ml. can be determined. This is our prof err 3d method 

( )       for quantitative studies cf oellulase activity, although it is not good 

as a rapid screening test. 

Production of oaUulaae(s). 

The culture fluid of several wood-rotting fungi was shown to 

have csUulolytic activity, indicating the presence of extracellular 

cellulaae(s). Production (or aotivity) of the enzyma(s) was best 

when the organisms wore grown in casein bydrolysate medium with several 

added nutilites, Qualitatively, the enxyme was demonstrated by various 

methods (chiefly the cellulaaoWssay tube) in the culture fluid of the 

following brown rotsi P. palustrls. I. strlata, LP trabea. k_quersina, 

P. rubescens. P. subroswua. T. serlalls. P. lmmltua. P. a Prague 1. 

P. sohweinltsll and ?. nlgra. and of the following white rota» P. anoeps. 

f i w^^colpr, F. fowentarlus and F, pjnl. P,, palustrls and fe trabea 

have been further studied in some detail, and will be used to illustrate ( ) 
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method? and roeults. 

Culture medium. The seal-sratbetic medium developed to give a good 

production (activity) of oellulase, using P. paj.uatrig or L. trabea in 

•hake culture, is shown in Table 22*. 

TABLE 22 

Seafr-eynthetlc medium for oellulase production with P. paluetr^a or 

L. trabea in shake culture. 

Casein hydrolysate 120 ng./l. nitrogen 

*&2 PO^ 1.5 g.A. 

m 30^ TEgC 0.5 g.A. 

Adenine 13 ng./l. 

Guanine 13 fflg.A* 

Uracil 13 nig.A. 

Thiamin SCI 1 mg.A. 

Glucose 3 g.A* 

Trace elements - sane as in Table 1, 

Initial pB 5.0 

Studies with cellulose as an assay substrate.  P. paluatrla was 

grown in the semi-eynthetio radius (Table 22) in 1000-ml. /oluaes in 

2-quart bottles with foroed aeration for 5-10 days at 28°C. The culture 

was filtered through glass wool to remove gross particlss, then through 

slntered-glass bacteriological filters to obtain a cell-free filtrate. 

Equal volumea (5 ml,) of the filtrate and 0.07 M phosphate buffer (pH 5.5) 

were put into a 50-m.l. test tube containing 100 mg. of ball-silled 

filter paper. With a few drops of tolnolas an antiseptic, the mixture 

was incubated at 28°C. for 4 days to 2 weeks. The mixture was then filtered, 
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and the filtrate assayed for cellulase activity by determining the 

glucose in the filtrate before and after incubation, according to the 

FolinHRiu method given above. 

Numerous tests were made varying the time of incubation of the 

original culture; relative amounts of assay solutions, buffer and substrate; 

temperature and time of assay incubation, etc. In no case was more than 

0.03 mg./ml. of glucose found in the filtrate ofter incubation and assay. 

It was concluded either that cellulase was present in the filtrates in 

very small amounts and hence did not form much glucose from the filter 

paper, or that the conditions of assay were not correct to detect the 

products of cellulase activity. Since the amount of cellulase apparently 

could not be increased, as shown by the above method of assay, further 

work was directed towards modification of the assay procedure. It was 

(  ) thought that a more "reactive" cellulose might be more easily degraded, 

and hence give larger amounts of glucose for assay. The use of a 

modified cellulose as an assay substrate was found to give much better 

results (see below}* 

Studies with "reactive" cellulose as an assay substrate: The 

"reactive" cellulose was filter paper swelled with phosphoric acid. This 

was prepared as follows; Dried, ball-milled filter paper was placed in 

a beaker, and cold phosphoric acid (35$) sufficient to wet the paper 

was addeds This was done In a salt water-ice bath at 0 C, After 30 

minutes cold water was added to stop the reaction. The paper was washed 

with water several times on a Buchner funnel, then with dilute sodium 

hydroxide. After further washing to neutrality the preparation was 

dried, •weighed and suspended in water to give a 2% concentration of 

V-      the treated cellulose. This reactive cellulose was used in plaoe of 

bail-milled filter paper in the assay procedure. The assay method was 

:J 
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also changed in several other particulars. 

P. palustris cel3-free filtrates were prepared as indicated in the 

preceding section, with incubation for five days. For the assay, equal 

quantities (3 ml.) of filtrate, Mac Ilvaine's buffer (pH 4.4) and 

distilled water were mixed with 1 ml* of the 2% suspension of the phosphoric 

acid-treated cellulose. The mixture was incubated under toluol at 500C 

for 18 hours, then the glucose determined as before. Under those new 

conditions of assay with the reactive cellulose, 0.12 rag./ml. of glucose 

were present in the filtrate after incubation, as compared with 0,03 mg./ml. 

when untreated filter paper was used as the assay substrate. Apparently 

the modified cellulose is broken down to a greater extent than "natural0 

cellulose,   giving larger glucose values which are analytically useful. 

The above figures are illustrative of the data finally obtained after 

modifications were developed. Note the time (18 hrs.), temperature 

(50°C«) and pH (4.4) which were optiroim fer cellulase activity on 

phosphoric acid - treated cellulose. Filter paper treated with phosphoric 

acid for less than 30 minuted was found to give lower glucose values 

than when treated for 30 minutes, Mycelial extracts were found to 

contain no ceilulassj apparently it is a true extra cellular enzyme. 

The modified cellulose gave such good results that a soluble cellulose 

derivative was next tried- 

Studies with a cellulose derivative as an assay substrate. Carboxy- 

methyl cellulose (CMC*), a soluble substance, was tried as an assay 

substrate. This had been shov-n by other workers (Reese et al, 1950) 

to be easily hydrolyzed by cellulolytic enzymes of other organisms. 

The filtrate from a 5-day old culture c:> ?,  salustris was prepared 

<v_ 

O 
"*• Sample designated CMC 50 T, with a degree of substitution of 

0,52. 

% 
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as previously described, and assayed as In the proeeding section exoept 

ttot * ffi jglntta gLttSJa yft^r was tmWtrtrt ftr tto at FtoiBtertg 
loid-treatsd filter paper, after Incubation a glucose value of 0.61 mg./ml. 

was found, compared with 0.12 mg./ml. when phosphoric acid-treatod cellulose 

was used. Thus the cellulase can attack soluble cellulose more readily 

than insoluble forms.  Tilth this assay substrate, gluoose values up 

to 0,7? mg./ml. have been obtained with P. palustris. depending upon 

culture age, etc 

Studies of this assay technique with P. palustris filtrates have 

shown that a 0,5$ solution of CMC gives the same results as 2£, that 

a variation in assay pH between 3.4 and 5.0 is of little significance, 

and that an assay temperature of 60°C. results in markedly more gluoose 

than 50°C. also, with this new technique the assay may be run in 3 hours 

instead of 18 if dosired; for example, in one test 0.53 mg./ml, of 

gluoose were formed at 50°C, in 3 hours. 

Culture filtrates of both F. palustris and L. trabea ehowed 

maximum cellulase activity when the cultures were 3-4 weeks old. 

Concentration of cellulase. It was of interest to determine whether 

the ensyne could be concentrated or removed from the culture fluid 

by common protein preclpltants. Those tried were saturated ammonium 

sulfate, ethyl alcohol, acetone, and mixtures of alcohol and acetone. 

It was found that the precipitate had to be pre-cooled to -15°C. and 

the filtrate to 0°C, and the precipitation carried out at 0°C. Various 

quantities of the preclpltants were mixed with various volumes of the 

cell-free culture fl.iid of P. palm trie, and ihe precipitates taken up 

in  ilaollvaine's buffer (ph 4.4), in which xhe precipitates were nearly 

100$ soluble. Aasay of cellulase activity was made as before, using 

4 ml. of buffer - precipitate mixture to 1 ml. of 2$ CMC, and incubating 
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C 
for 18 hours at 50°C. 

The result* with P. pslustrjs shewed that the ensyme could be 

precipitated by an/ of the preeipitsnts used, with acetone, and 

alcohol-acetone Itl, being by far tha best. However, In the few 

experiments carried out, it was not possible co concentrate the ensyme 

more than 3-fold by this procedure, due to "inactivotion" or sons 

other unknown reason. Per example, the precipitate f*om 150 ml, of 

acetone plus 50 ml, of culture fluid was taken up in 10 ml, of buffer 

and assayed. Glucose was only 0,31 ag./ml. as compared to 0,12 mg,/ml, 

for the unoonoentrated (unprseipitated) flit?ate. 

Incidentally, it has been found that both culture filtrates and 

concentrated ensyme can be preserved with merthielate (0,01%) for at 

least 3 weeks (end of test) without loss of activity. 

( Use of tho above protein precipitants with oulture filtrates 

°* sm trabea gave a "concentrate" which, when assayed against filter 

paper, showed only a trace of activity. When assayed against carboxy- 

methyl cellulose, 0,31 mg./ml, of glucose were produced, the same as 

with P. paluatris. 

Preliminary studies were made with L. trabea using ion exchange 

resins for purification of cellulase in oulture filtrates. The resins 

which gave positive results were Ionac* resins # 4-293-U and # C-200. 

These were placed in chrcmategraphio columns, and the culture filtrate 

passed over thorn. When used singly no activity of the filtrate resulted, 

but when passed first over # A-293-M** and then # e«200*«*, followed by 

O 
* American Gyanamld Co,, N,T, 

••Picks up anions and replaces them with hydroxyl ions, 
»»*Pick up cations and replaces them with hydroxyl ions. 
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concentration (4x) by vacuum distillation, the cellulaae activity of the 

resulting fluid was about 5 tines that of the original filtrate, 

(Vacuum distillation alone did not increase the activity of a filtrate, 

due perhaps to "inaetivation" of the ersyae by salts and acids present, 

plus heat. The objeot of the ion exchange was to remove these "interforring" 

substances. The distillation was carried out in glass, evacuated by 

a water pump attached to the receiver. The reooiver was placed in an 

ice bath, and the distilling flask maintained at 45°C.) For example, 

one original cell-free filtrate gave 0.11 log./ml, of glucose against 

filter paper; after passage through both resins the value was 0,12 mg./ml, 

and after concentration of the latter to 1/4 its volume the value was 

0.51 tag./ml, of glucose. 

It ia to be noted that the cellulaae of L. trabea. when assayed 

against filter paper, gives much higher values than the cellulaae of 

P. oalustris agaJaat filter paper. 

The above data show that wood-rotting fungi produce extracellular 

oellulolytic enxyme(s). Whether there is one enzyme or a mixture is not 

clear. The small amount of ensyms action on filtcr-pancr cellulose may 

be Interpreted either as there being only a small amount of "true" cellulase 

present, or as the long chain-length of "pure** cellulose being difficult 

to break. Another possibility is the absorption of a relatively small 

amouut of enzyme on so much cellulose substrate that the eusymo - 

substrate ratio Is too small for much action. The increasingly greater 

amounts of breakdown of phoaphorlo acid-treated filter pnper and of 

Qsrboxymcthyl cellulose may be a reflection of greater amounts of a 

different "cellulase" capable of acting on modified, simpler celluloses, 

or may merely reflect the greater ease of hydrolysis by a "true" cellulase 

of short-chain and soluble celluloses. Reese et al (1950) have restricted 
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the term aellulaee to the ensyme acting on  native e*ll«lasej the enzyme 

acting on carboxymethyl cellulose is carboxymethy^ eellulase. 

gffect of medium constituent; on eellulase prgd^tlop. All of the 

above studies of eellulase were based on growth in a ^sal-synthetic 

medium (Table 22), with casein hydrolysate as the source of nitrogen, 

and glucose as the carbon source, Using L. trafraa, studies were made 

of the effect of the type of carbon source on eellulase production 

and, with a Synthetic medium, the effect of different Aitrogen compounds. 

411 assays were against filter paper, and carried out as above under 

"Studies using "reactive" cellulose a? an assay substrate,1* 

Data on various carbohydrates substituted for glucose in the semi- 

synthetic medium showed no differences in eellulase production among 

glucose, sucrose, maltose, aannitol, cellobiose, starch, lactose, 

f )     galactoae, and carboxymethyl cellulose. 

a mixture of pure amino acids, in types and concentrations approximat- 

ing those li the casein hydrolysate, was substituted for the latter 

in the semi-synthetic medium. The same amount cf eellulase (as shown 

by glucose values) was produced in this critically-defined medium. A 

series of tests were then made in which one amino acid at a time was 

omitted from the mixture, and eellulase production determined. The 

results showed no difference in eellulase production between the complete 

medium and the media in which any one amino acid was missing. Next, 

two amino acids at one time, in all possible combinations, were omitted 

from the complete mixture. It was found that the elimination of valino, 

aspartic acid and glutamie acid together resulted in a large decrease 

in eellulase activity, e.g.,: complete amino aoid medium, 0»54 mg./ml* of 

glucose; complete medium minus valine, aspartic acid and glutamic acid, 

0.19 mg./wl. 

( 
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fith tha above information ae a basis, vniine, as part ic aoid and 

glutaalc aoid were substituted for the complete amino aoid mixture, 

and when the filtrate was assayed a glucose value of 0*46 ag./al, 

was obtained.  This compares favorably with 0,54 rag./ml, obtained in 

the completo amino aoid medium. The optimum concentrations of glutamio 

aoid, valinm and ospartic acid were, respectively, 0,0096, 0.0032 and 

0.0032$ nitrogen. Thus a purely syntnetic medium for cellulase 

production by L. trabea at least, oan be made by substituting the 

above amino acids for the oasein fcydrolysate of the semi-synthetic 

medium in Table 22, 
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f ACTION OF WOOD-ROTTING FUNGI ON WOOD 

Preliminary study of the action of various of our fungi on 

finely - divided wood in liquid ovlture showed that the wood apparently 

was digested. The organisms were grown la culture with forced aeration, 

using casein hydrolysate plus vitamins. The wood was pine, added in 

the form of wood need (fine sawdust of 80 mesh). "fith certain of the 

fungi the woodmeal disappeared within a week. Stained sections of the 

pellets of growth showed particles of the wood entangled in the mycelium 

inside of the pellet. Apparently as the pellets grew they occluded wood 

particles in a more or less regular fashion. It was not certain from 

these experiments whether the disappearance of the woodmeal was due 

entirely to physical entrapment by the mycelium or whether some particles 

,- were actually digested in the medium by the fungal ensymes. 

The dye - absorption method (# A, 6, above. In section on Studios 

on Cellulolytic Ensymes) was developed for the purpose of determining 

the degree of breakdown, If any, of finely - divided wood. Using this 

method the following organisms wore tested for their action on 80-mesh 

pine wood meal added to shake culturost brown rots - - P. lnorassata. 

ft  aiorOffpoTfti P. Palustrls. jt  leptjeus, fri, Vabsg; white rots - - 

P. tullplferufc. P. oncops. F. annosus. L. tlsrlnus. The culture medium 

consisted of the basal medium (Table 1) plus glucose 0.01%} thiamlne, 

2 mg. por liter} sodium glutomate to 0.012% total nitrogen; pino wood 

meal, 0.01% (air dry basis). Incubation was for 12 days at 28°C, 

with triplicate flasks. After incubation, the mixture of myoellal 

pellets and wood moal wes removed on a Goooh crucible, and the staining 

y_ method described above was carried out. 

Assuming that the staining mothod determines cellulose the following 
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oentagoe of removal of cellulose from the wood were obtained: 

P. Incraaaata 27% 

i» BftLalUi 40$ 

L toMai 35$ 

L fcaSM 42$ 

P, ydfrtterw 38$ 

P. anoepa 22$ 

fct ttgrlnuf 31$ 

On Inoculated controls run under the anno conditions showed an average 

of 4.3$ of the cellulose (?) removed from the wood. Obviously the differ- 

ent organisms vary in their ability to remove 'cellulose* from the 

oelluloso-lignin complex. The white rots, which are known to attack 

both cellulose and lignin, removed about the same amount of"cellulose" 

from the wood as did too brown rots which attaok only cellulose. These 

studies were not carried further. 

k few studios were made on the degradation of bark by P. palustr^s 

in aerated liquid culture. It was demonstrated that the cellulose 

(ciroa 20$) of spruce bark is attaoked by weod-rotting fungi, in an 

effort to moot their nutritional needs, with a production of certain 

desirable end-products, including roducing substances (expressed as 

glucose). The production of alcohol by the yeast, Saccharomyccs 

oerevlalae. from bark treatod by the brown rot, Poj.yporua paluatrla. 

was also established. Spruce bark cellulose degradation was also 

effected by tho use of a cell-free filtrate of a Polyporus palustrfo 

liquid culture. The production of roducing substances (expressed as 
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glucose) in this oaae equalled th«t of bark attacked directly by the 

organism. Subsequent alcohol production by yeaot from bark treated 

with oell-freo filtrates of POIYPOTUS palustrfo was also Induced, 

Also, using a sterilised mixture of bark in water, inoculated with 

P. gslustrl". there was a definite decrease in reducing substances 

noted in the liquid immediately following growth of the organism, 

an inorease in reducing substances took place after incubation at 

45 C, the optimum temperature for ensyaatio activity (lethal 

tecperaturo for the organism). Therefore it may be inferred that 

the best yield of reducing substanoos will be obtained by the proper 

use of a cell-free filtrate, as there is not utilisation of material 

by any organism. 

In addition to bark, we have also found that reducing sugars can 

be formed from corn cobs as the cellulose substrate. It was not 

possible to continue this work, but it offers important practical 

possibilities for the utilisation of waste cellulose. 

ACTIVE aTCELIaL EXTRACTS FROM THE WOOD ROTS 

Cell-free, ensymatioally-aotive mycelial extraots would be useful 

for numerous ensyoe studies. Preliminary attempts to obtain such 

extracts were inconclusive when mycelial pellets were blended in a 

mortar with sand and buffer at room temperature, and the filtrate 

tested In the larturg manometer *tth oodium pyruvate. Absence of 

oxygon uptake indicated either no carboxylase enxyae in the mycelium, 

or inactivation of this enzyme by the method of preparation. Further 

studies, using P. palustrla. have yielded a cell-free extract which 

showed carboxylaso aotlvity. Presumably the same technique could be 
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used for obtaining other endo-ensymes. 

C \ Ifyocliul pellets were obtained by growing the organism under forced 

aeration in two-quart bottles containing 7$ malt extract. Incubation 

was at 28°C. for four days. The pellets wore then separated from the 

medium by pressing through cheesecloth, and the mycelium lyophllised 

and pulverised, 0,5 grams of the pulverised mycelium were transferred 

to a 50-ml. centrifuge tube, 10 ml. of phosphate buffer (pfl 5*0) added, 

and the tube shaken for one minute. The suspension was then dentrifuged 

for three minutes at 2000 rpm, and the supernatant decanted for activity 

studies. The oarboxylase activity of the extract was determined by 

measuring the rate of CCj evolution from sodium pyruvate with standard 

Warburg manometer procedures, at 28°C, 

Preliminary studies of the Influence of pH on oarboxylase activity 

showed pH5 to be better than pH6. At the former pH, 154*3 microliters 

v of CO5 per hour were evolved; at the latter pH, 130.8, 

To determine whether the cell-free extract contained cocarboxylase 

as well cs oarboxylase, runs were mado with sodium pyruvate in a con- 

centration of 5 mg./rnl. of extract, with the "standard" extract, 

standard extract plus 2 mlorograms cocarboxylase (pure enzyme) per 

ml., and standard extract plus 5 micrograms cocarboxyiase per ml. 

Ilicrolitors of CO2 per hour were, respectively, 130.8, 128.6 and 129,8, 

showing that cooorboxylase was present in the extracted mycelium, and 

further addition of it to the extract had no appreciable effeot. 

The effeot of the enzyme-substrate concentration on OO2 evolution 

was studlod at two concentrations of substrate and four concentrations 

of enzyme, at pH5.0, with no added cocarboxylase. Table 23 shows the 

cumulative results at 10-minnte intervals, of COj evolution expressed 

as microliters per hour. The results show that the breakdown of sodium 

pyruvate by oarboxylase is influenced by the concentration of enzyme and 

substrate. 

C 
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O 
TABiZ 2 

Carboxylaae activity of cell-free extract of ?. paluetrla. Effect of ensyme- 
aubetrate oonoentration with sodium pyruvate, at pH5.0, 28°C . Activity 
expressed aa alorolitera COj per hour, at 10-minute intervale. S* "atandard" 
extract concentration. 

i Substrate x eodium pyruvata 
i?Btffi^U»<   * •« ./ml. of extract 

pi. C02/hour 

TIM in _ _ _ •Concentration of enayme 
minutea 3 0.5 S 0.25 S 0.125 S 

10 28.1 21.3 7.95 8.58 
20 56.2 37.4 17.5 15.5 
30 67.0 42.7 20.7 15.5 
40 82.6 55.2 27.0 18.9 
50 98.2 67.6 35.0 27.4 

70 no 74.7 
83^6 

l%2 
44.5 

30.9 
32T6 

do 123.1 88.9 46.1 34.J 
90 127.8 94.3 50.9 37.8 
100 132.4 97.8 52.5 37.8 
110 133.9 103.2 57.2 41.2 

(                120 137.1 108.5 62.0 46.4 

Substrate> sodium pyrurate 
Concentration: 5 mg./ml. of extract 

;ul. C02AO«P 

Time in — - - - Concentration of enayme 
minutea s 0.5 S 0.25 S 0.125 S 

10 34.6 18.6 9.34 8.91 
20 69.2 40.6 20,2 13.4 
30 35.1 48.1 23,3 16.3 
40 109.6 64.5 31.1^ • 22.3 
50 126.8 80.6 40.4 29.7 

ft 
154.3 
166\6 

22*2 
100.7 

46.7 
49.8 

3Z..2 
35.6 

sc 1«i   K 111.6 54.5 38.6 
90 198.9 120.8 59.1 43.1 
100 130.2 62,2 44.6 
110 142.6 70.0 49.0 
120 151.9 76.2 53.5 
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CONCL03I0KS 

The nutrition and certain aspects of the physiology of forty-three 

brown rote end white rote have been studied in shake culture at 28°C. 

The following general conclusions say be drawn from these investigations. 

1. These fungi generally will grow in a variety of non-synthetic 

media such as malt extract, corn steep liquor* ethyl etillage, eoy bean 

extract, gluten, peptone and casein hydrolysate. 

2. Most of the wood rots will grow in continued subculture in a 

basal synthetic medium of glucose, inorganic salts, thiamin and organic 

or inorganic nitrogen. A few have special nutritional requirements* 

3. Utilisable nitrogen compounds included any single aaino acid 

(L-form only), ammonium sulfate, ammonium carbonate, urea, and ammonium 

nitrate. Mo growth was obtained in potassium nitrate or potassium nitrite. 

Growth took place in ammonium chloride only in the presence of traces of 

succinlo acid. 

4* Most of the epecies studied require only thiamin as en added 

vitamin is the culture medium. Some species require the whole thieain n 

molecule; others ban utilise one or the other component of the molecule 

separately, or both together. Two organisms required no vitamine; two 

others had vitamin requirements in addition to thiamin. 

5. For most of the species studied, biotin could be substituted for 

thiamin* There was little or no synthesis of thiamin by cultures growing 

with biotin. 

6. Other vitamins and purixie or pyriaidine bases often stimulated 

growth, but are not essential. 

7* The optimum pH for iwst of the organisms studied was about 5.0» 5.5- 

Some spsoies have an optimum somewhat, lower then this. 

OFJI 
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8. A temperature of 28°C. Is satisfactory for tha great majority of th* 

wood rots, although a few speciaa have an optimum soaawhat lower. 

9* Most of our organise* produced aa aoid reaction la various types 

of culture Bedim. pH values as low as 2 - 3 were not uncommon. Oxalic add 

was Identified aa one acid produced. 

10. Maximum growth of the orgaaisas in shake culture was attained in 

aa average of H days. 

11. Aa Sh of / 400 to / 500 a»v» was satisfactory for the growth of all 

but one of the fungi studied. This organism required a more reduced Eh 

of about / 300 awv. 

12. Amlao acids could not bo utilised as the sole source of carbon by 

any of the organisms. 

13* Synthetic media -ore nearly optimal for growth than the basal medium 

were developed by iaoroaaiag the concentrations of plucose, nitrogen and 

potassium phosphate. Increased in growth up to 37-fold were obtained with 

some orgaaisas la the new media. 

14* A variety of carbon compounds could be utilised la place of glucose. 

These include fructose, galactose, glycerol, lactic acid, lactose, maltose, 

pytuvic aoid, euccinic acid,, sucrose, mannose, dextrin, xylose, glycogen, 

arabinose, ribose, rha£noso> cellobiose and starch. Net . utilised were 

acetic acid, citric acid, me.le\c arid and tartaric acid. 

15. Mass culture of wood-rotting fungi in e.erated liquid culture 

was found feasible. 

16. In addition to acids, other products of fermentation and/or 

synthesis ore pigments, polysaccharides and sterols. 

17. The wood-rotting fungi produoe in various media an extracellular 

cellulolytic enzyme. This enzyme can be separated from the culture medium 

b/ precipitation or by ion exchange resins and concentration in vacuo. 

V\ 
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IS. k cellulase assay tube (drop-height method) was developed and found 

useful for screening fungi for cellulolytic activity. 

1°. k purely synthetic medium, containing three apparently essential 

amino acids, was developed in which cellulase production was as good as in 

a casein hydrolysavs medium. 

20. Active mycelial extracts, as determined by carboxylase activity, 

were obtained by lyophilising and pulverising the mycelium. 



139 

O 

c 

BIBLIOGRAPHY A 

(REVIEW OF LITERATURE A) 

A, (Bans. wnmuL iiaagg gaafflgg at MCB aaa. 
(1) Badcook, E. C. 1941-1912. Now methode for the cultivation of the 

wood-rotting fungi. Brit. Mycol. Soc, Trans., £2, 200-205, 

(2) Birkinahaw, J. H., and W. p. K. Findlay, 1940. Biochemiatry of the 
wood-rotting fungi. 1. Metabolic producte of Lentlnus lepldsm. 
Fr. Bloohen. J., 24, 82-88. 

(3) Birkinahaw, J. H,, W. P. K. Findlay, and R. B. Webb. 1940* Biochem- 
iatry of the wood-rotting fungi* Z,    A etudy of the acids pro- 
duced by Cooloohora cerebella. Pera. Biochem. J., 3Jt, 906-916. 

(4) Birkinahaw, J. H., C. E. Stloklngs, and P. Teasior. 1948. Biochem- 
iatry of the wood-rotting fungi. 5. The production of D- 
threitol (1-erythritol) by Aralllarla aollea. (Vahl) Quelet. 
Biochem. J., 42^ 329-332. 

(5) Boss, 8. R. 1939. Enaymoa of wood-rotting fungi. Brgebniaae der 
Ensysforsohung, VIII Band. 267-276. 

(6) Boao, S. R. 1946. Antibiotics in a Polyporua (Polystictus sanguln- 
eus). Nature, 158. 292-296. 

(7) Boee, S. R., and 3. N. Sarkor, 1937. Ensyaea of aome -rood-retting 
Polypares. Proc. Roy. Soc. (London), Series B, 123. 193-213. 

(8) Boewoll, J. G. 1938. Tho biochemistry of dry-rot in wood. 3. An 
investigation of the products of the decay of pine wood rotted 
by Merullua lacrymans. Biochem. J*, 3J2, 218-229. 

(9) Boswell, J. G. 1941. The biological decomposition of oelluloac. 
New Pathologist, 40, 20-33. 

(10) Bcyd, M. J., M. A. Logan, and A. a. Tytell. 1947. Growth of 
Clostrldiua wolchil (BPGK). J. Biol. Chem., J62, 879. 

(11) Brewer, C. R., W, G. MeCullough, R. C. Mills, *Y. G. Rossler, E. J. 
Horbst, and k.  F, Howe. 1946. Studiee on the nutritional 
requirements of Bacillus anthraola. Arch. Biochem., 10, 65-75. 

(12) Brickaon, ?,.  L., L. M. Honderaon, I. Solhjell, and C. A. Elvehjom. 
\TMO.    Antagonism of amino .icidc in the growth of lactic acid 
bacteria. J. Biol. Chem., 176. 517-528. 

(13) Burkholder, P. R., and E. 'V. Slnnott, 1945. Morphogenesis of fungus 
oolonios in submerged shaken cultures. Am. J. Bot., 22, 424-431. 

(14) Burkholder, P. A., and R. 0. H. Siu. 1947. Fundamental aapeots of 
tho microbiological degradation of colluloso. Studies on the 
degradation of cellulose and derivatives by microorganisms. 
U. S. Quartermaster Depot, Phila., Pa. Biological Laboratories. 
Topioal Report No. 22» 1-22. 



uo 

o 
(15) 

(16) 

(17) 

(18) 

(19) 

(20) 

(21) 

(22) 

(23] 

(24) 

(25) 

(26) 

(27) 

(28) 

(29) 

Burkholdar, P. R., and A. G. Snow. 1942. Thiamine in some common 
American trees. Bull. Torrey Bot, Club, £$, 31-69. 

Campbell, D. A. 1938. The cultural characteristics of the species 
of tam« Bull. Torrey Bot. Club, 6£, 31-69. 

O 

Carlson, W. W,t and V. Whitesids-Carlson. 1949* Biotin-caxbohydrate 
interrelationships in the aetabolisn of Lsuconostoc. Proo. Soo. 
Exp. Biol. and Med., 2L 416-419. 

Cartwright, K. St. C., and U  P. K. findlay. 1950. The decoy of 
timber and its prevention. 294p. Brooklyn) Chemical Publish- 
ing Co. 

Curtin, L. P. 1927. Experiments in wood preservation. 1. Pro- 
duction of acids by wood-rotting fungi. Ind. Bog. Cham., £9., 
878-881. 

Derrick, M., II. H. Jenniaon, and R. Hendereon. 1951. Pigment pro- 
duction by a wood-rotting fungus in u synthetic medium. Bact. 
Proo., Soo. Am. Bacteriologists, 66-67. 

Dorrell, 1, W., and R. I!. Page. 1947. The use of fragmented myc- 
elial inoculun in the culture of fungi. J. Bact., 53,, 360-361. 

Evans, R. J., and H. A. Butts. 1949. Inoctivation of amino acids 
by autoclaving. Science, jLO?. 569-571. 

Palck, R. 1930. The decomposition by fungi-of lignifled material 
and cellulose <n fallen leaves and needles, and its signifi- 
cance in the formation of humin substance of the forest floor. 
Cellulosechenie, 11, 198-202. 

Findlay, W. P. K. 1934. Studies in the physiology of wood-destroy- 
ing fungi. 1. The effeot of nitrogen oontent upon the rate of 
decay of timber. Ann, Got., XLVI1I. 109-117. 

Findlay, W. P. K. 1940. Studies in the physiology of wood-destroy- 
ing fungi. 3. Progress of decay under natural and under contro- 
lled conditions. Ann. Bot., £, 701-712. 

Findlay, W. P. K. 1941* Effeot of addition of sugar on rats of 
decay of wood. Ann. Appl. Biol., XVIII. 19-22. 

Foster, J. W. 1939. Heavy metal nutrition of fungi. Bot. Rev., £, 
207-239. 

Foster, J. "V. 1949. Chemical activities of fungi. 648p. New York* 
Academic Press Inc. 

Fries, Nils, 1938. fiber die Bedeutung non Wuchsstoffen fur das 
lachstum versohiedener Pilse. Symbolao Uptalienses, ill, (2), 
1-189. 



ui 
(30) Gerhardtf P., aud J. B. Wilson. 1948. The nutrition of brucelle.e. 

Growth in a simple chemically defined medium. J. Bact,, 5J&, 

O 17m2A* 
(31) Hamada, M. 1940. Physiologisch-morphologische Studien uber 

sHUllEU mellsa. (Vahl) Quelet ait besonderer Rucksioht auf 
die oxalsanrebiigung. Bin Nachtrag BUT Mykorrkisa von Qalsola 
Septsntrrionalim. Reicht f. Jam. J* Bot., 10, 387-463. 

(32) Harris, E. E., and K. C. Johnson. 1948* Microbiological utilisa- 
tion and disposal of wood processing wastes. Paper Indust. and 
Paper World, 22, 940-942. 

(33) Hartley, C. 1947. Fungi in forest products. Tear book of Agric: 
1943-1947, 883-889. 

(34) Bervey, A. H, 1947. 4 survey of 500 Basidiomycetes for antibacter- 
ial activity. Bull, Torrey Bot. Club, 24, 476-503. 

(35) Hildebrandt, 4. C, and 4. J. Hiker, and B. M. Duggar. 1946. The 
influence of the composition of the medium on growth in vitro 
of excised tobacco and sunflower tissue cultures. 4m. J. Bot., 
3J, 591-597. 

(36) Bumfeld, H. 1948. The production of mushroom mycelium (Agarioua 
campestrls) in submerged culture. Science, 107. 373* 

s (37) Bumphrey, C. J., and P. V. Siggers. 1933. Temperature relations 
^ of wood-destroying fungi, J. Agric. tea., 4J7, 997-1008. 

(38) Bungate, R. E. 1940. Nitrogen content of sound and decayed conif- 
erous woods and its relation to loss in weight during decay. 
Bot. Gas., J02, 382-392. 

(39) Iwanoff, N. H., and E. S. Zwetkoff. 1936. The biochemistry of 
the fungi. Ann. Rev. Bioohem., £, 585-612. 

(40) Jacobs, E. S., and A. V?. Marsden. 1948. The role of antibiotics 
in the decomposition of cellulose. 21 The inhibition of the 
growth of cellulose-decomposing fungi. Ann. Appl. Biol., 22, 
18-24. 

(41) Jarvia, P. G., and K. J. Johnson. 1950. Mineral nutrition of 
P. crysogenam Q 176. J. Boot., •£, 51-60. 

(42) Jennison, M. 77. 1948. The growth of wood-destroying fungi in 
aerated liquid culture. Proo. of Meetings, Soc. Am. Bacter- 
iologists, 1, 48. 

(43) Jennison, M. Ti. 1948. The growth of wood-rotting fungi in sub- 
merged culture. Am. J. Bot., ££, 801. 

G(44) JennJson, M. W., M. Derrick, and h. Henderson. 1949. Growth of 
wood-rotting fungi in synthetic media. Bact. Proo., Soc. Am. 
Bacteriologists, 66. 



(45) Jenniaon, M. W., 4. Derrick, and R. Henderson. 1950. Nutritional 
j- requirements of wood-rotting Bisidiomycetes in chanicaliy- 
\JS defined media. Proc. Fifth international Congi-^i* for Micro- 

biology. Rio de Janeiro, Braail. 

(46) Jenniaon, M. S., and R. Henderson. 1949. Son* aspocta of the 
physiology of wood-rotting fungi. r ood, Report of Symposium 
on "TJood, 336-347, National Research Council-Office of Nr.val 
Reaearoh. 

(47) Kaufert, F. H. and E. A. Bohr. 1942. Suaeeptibility of wood to 
deoay. Effect of urea and ether nitrogen compounds. Ind. 
Eng. Chem., &, 1510-1515. 

(43) Kaufert, F. H., and H. Schmits. 1937. Studies in wood deoay. 
6. iffcot of arsenic, sine, and copper on rate of decay of 
wood by certain wood-destroying fungi. Phytopathology, XXVII. 
780-788. 

(49) Kitay, E., and E. E. c*ell. 1948. Effect of size of inoculum on the 
apparent vitamin requirements of laotic acid bacteria, Proc. 
Soe. Exptl. Biol. and Mod., 68., 648-650. 

(50) Sluyvor, A. Jt, and L. H. C. Porquin. 1933. Original Schuttol- 
kulbutur Methods. Bioohom. Z., 266. 68-81. 

(51) Kofflor, K., R. L. toorson, D. Perlman, 'ind R. H. Burria. 1945. 
(   \ Chemical changes in submerged penicillin fermentations. J. 

Baot., 50, 517 - 548. 

(52) Kogl, F., end N. Frioa. 1937. fiber den Einfluss won Biotin, 
Aneurin und Mesolnosit auf das Wachstum verschiudenor Pilzarton. 
26. Mitteilung uber pflanslicho Wachatume-stoffe. Zeitschr. 
Physioli. Chemie, %&,  93-110. 

(53) Knight, B. C. J, 0. 1945. Growth factors in microbiology, fe 
Vitamins and Hormones, III. 105-228. 

(54) Knight, 3. G. 1948. Ths L-amino acid oxidazo of molds. J. Bact., 
52, 401-407. 

(55) LaFuae, H. H. 1937. Nutritional characteristics of certain wood- 
destroying fungi, P. betulinus. Fr., Fomcs pinlcola (FT.) 
Cooko, and Polystictus verelcolor. Fr. Plant Physiol., ig, 
625-646. 

(56) Lardy, K. A., R, L, Potter, and C. A. Elvehjem. 1947. Tho role 
of biotin in bicarbonate utilisation by bactoria. J. Biol, 
Chem., i§2, 451-452. 

(57) Lconian, L. H., and V. G. Lilly. 1938. Studies on the nutrition 
of fungi. 1. Thiamln- lea constituents, and tho source of 

f\ nitrogen, Phytopathology, 28, 531-548. 



143 

(58) Leonian, L. H., and V. G. Lilly, 1940. Studies cm the nutrition 
f~\ of fungi. 4* Factors influencing the growth of some thiamln- 
v--'                requiring fungi, Am, J. Bot., 22» 18-26. 

(59) Lilly, V. G., and H. L. Barnett. 1949. The influenoe of concen- 
trations of nutrients, thiamin and biotin, upanCgrowth, and 
formation of peritheeia and asoospores by Chaetcmlum convol- 
utua. Mycologla, XL,I. 186-196. 

(60) BoClung, L. S. 1949* Recent developments in miorobiologioal 
techniques, jn Ann. Rev. of Microbiol,, 2» 395-422. 

(61) Montgomery, H. B* S. 1936. An investigation of the temperatures 
lethal to some wood-decaying fungi. Brit, Hycol. Soc. Trans., 
22, 293-298. 

(62) Noeoker. N. L. 1938. Vitamin Bi in the nutrition of four species 
of wood-destroying fungi. Am. J. Bot., ££, 345-348. 

(63) Nord, F. P., and L. J. Soiarini. 1946. On the mechanism of onsyme 
action. 27. The action of certain wood-destroying fungi on 
glucose, xylose, raffinoso and cellulose. Arch. Biochem., 2» . 
419-437. 

(64) Nord, F. F., and J. C. Vitucci. 1947. Ensymatio hydrolysis of 
cellulose by Conlophora oerebella. Nature, 160, 261-262. 

(65) Nord, F. F. and J. C. Vitucci. 1947. Ensyrae studies on the 
mechanism of wood deoay. Nature, 160. 224-225* 

(66) Nord, F. F., and J. C. Vitucci. 1947. On *.he mechanism of enzyme 
action. 30. The formation of methyl-p-methoxycinnaraate by 
the action of Lantlnus lejldeus on glucose and xylose. Arch. 
Biochem., 1£, 243-247. 

(67) Nord, F. F., and J. C. Vitucci. 1947 On the meohanism of enayma 
action. 29. The acetate metabolism of certain wood-destroying 
molds and the mechanism of wood decay. Arch, Biochem., 14. 
229-241. 

(66) Olson, B. H,, and It. J. Johnson, 1949. Factors producing high 
yeast yields in synthetic media. J. Beet., *>7, 235-246. 

(69) Perlman, D. 1949. Effects of minor elements on tb* physiology of 
fungi. Bot. Rov., !£, 195-220. 

(70) Porlmn. H- 1949. Studies on the growth and metabolism of 
Polypprus anoops in submorgod culture. Am. J. Bot., £6, 180-184* 

(71) Robbins, *?. J. 1939. Growth eubetancoa in agar. Am. J. Bot., ££, 
772-778, 

\J> (72) Robbins, W. J,, A. Horvoy, R. W, Davidson, R. Ma, and ff. C. Robbins. 
1945. A survey of somo wood-dostroyir.g and othor fungi for 
antibacterial activity. Bull, Torroy Bot. Club, 22, 165-190k 



o 

Ui 

(73) Robbine, ff. J., and V. Kavanagh. 1942. Vitamin deficiencies of 
the filamentous fungi, Bot, Rev., §, 411-471. 

(74) Robbine, H. J., V. Kavanagh, and a. Harvey.. 1947. antibiotic 
substances from Basidionycetee. 2. Polvporue bIforals. 
Proc. Mat. Aoad. Sol., 22, 176-182. 

(75) Row, S. B. The deetruotion of cellulose and celluloeio materials 
by nloroorganisna. Master'• Theaiat Virginia Polytechnic 
Institute. 

(76) Ryan, F. J., 0. W. Beadle, and E. L, Tatua. 1943. The tube method 
of measuring the growth rate of Ncuroepora,. Am. J. Bot., 3.0, 
784-799. 

(77) Savage, 0. M., and M. J, Vender Brook. 1946. The fragmentation of 
the mycelium of Penlcllllumchrygoqcnum and Penlollllum note turn 
by a high speed blender and the evaluation of the blended seed. 
J. Baot., 52, 385-391. 

(78) Sohmita, H. 1919. Studies in the physiology of the fungi. 6. The 
relation of bacteria to cellulose fermentation induced by 
fungi, with special reference to the decay of wood. inn. Ho. 
Bot. Gard., £, 93-136. 

(79) Sohmits, B. 1924* Studies ixx wood decay. 4. The effect of sodium 
carbonate, bicarbonate, sulfate and chloride on the rate of 

( } decay of Douglas fir sawdust Induced by Lenzltes saepiaria. Fr., 
with special reference to the effect of alkaline soils on the 
rate of decay of wood in contact with them. Am. J. Bot., 11. 
108-121. 

(80) Sohmits, H«, and F. Kaufert. 1936. The effect of certain nitro- 
genous compounds on the rate of decay of rood. Am. J. Bot., 
22, 635 - 638. 

(81) Sohmits, H., end F. Kaufert. 1938. Studies in wood decay. 8„ 
The effeot of the addition of dextrose end dextrose end aspar- 
agine oh the rate of decay of Norway pine sapwood by Lentitea 
trabce and Lentinus lepidcus. Am. J. Bot., 2£, 443-448: 

(82) Sohopfer, '*'. H., and S. Blumer. 1940. Etude comparative de la 
specifioite d«action de la pyrimidine constituent de l'aneurine, 
faoteur de oroissanoe de microorganisms. Eczymologia, 8, 
261-266. 

(83) Schultz, A. 3., and S. Pomper. 1948. Amlno acids as nitrogen 
sources for the growth of yeasts. Arch. Bioohem., lg, 184-192. 

O 

(84) Shu, P., and If. J. Johnson. 1948. The interdependence of medium 
constituents in citric sold production by submerged fermentation, 
J. Baot,, 56, 577. 

(85) Sinden, J, w., A. Mix, and R. G. H. Siu. 1948. Effeot of environ- 
ment and mineral nutrition on oellulolytic activity of fungi. 
U.S. Quartermaster Depot, Phila., Pa.: Microbiological Seriee 
Report No. g, 1-53. 



o 

o 

o 

145 

(86) Snell, W. H. 1928. Temperature and moisture relation* of Fo—f 
12SSM. «"» lrametes subroesa. kycologia, 20, 276-291. 

(87) Snail, I. I. 1948. Nutritional requirement* of lactic acid bec- 
teria. Walleretein Laboratories Communlcatione, ]^»  81-104* 

(88) Stark*, 0. B., and H. Kofflar. 1949. Aerating liquid* by agitat- 
ing on a mechanical shaker. Science, 109. 495-496. 

{£?) Steinberg. R. A. 1919* Growth of fungi in synthetic nutrient 
solutions. Bot. Rev., £, 327-350. 

190} Steinberg, R. A. 1948. Essentiality of calciua in the nutrition 
of fungi. Science, 107. 423. 

(91) Stephens, C, and C* Hlnshelwood. 1949 Condition* for optinun 
growth rate of Bjgfe jjSUi fJ£gJBMi» *• Chan. Soc., Ifi, 
2516-2)22. 

(92) Stokes, J. L., A. Lareen, and M. Gunnee*. 1947. Biotin and the 
synthesis of aspartic acid by microorganisms. J. Baot., 24* 
219-230. 

(93) Talley, P. J., and L.M. Blank. 1942. Some factore influencing the 
utilisation of inorganic nitrogen by the root rot fungus. 
Plant Physialogy, J2» 52-67. 

(94) Thaysen, A. C, end H. J. Bunker. 1927. The microbiology of 
oellulcse, hemicelluloae, pectin and gums, Londont Oxford 
University Pre**, 293-320.  « 

(95) Villela, G. G., and A. Cury. 1950. Studies on the vitamin nutri- 
tion of Allescheria bovdll. Shear. J. Bact., £, 1-11. 

(96) Vitucci, J. C., E. S. Pallares, and F. F. Nord. 1946. On the 
mechanism of ensyme aotica. 28. Application of resasurin to 
the study of dehydrogenatlon by certain jferullj. <%ui Fcya 
annosue. Arch. Biochea., %  939-949. 

(97) Waksman, S. A. 1931. Decomposition of the various chemical con- 
stituents of complex plant materials by pure cultures of fungi 
and bacteria. Arch. Kikrobiol,, £, 136-254. 

(98) Waksman, S. A. 1940, The microbiology of cellulose decomposition 
and some economic problane involved. Bot. Lev., 6, 637-665. 

(99) Waehburn, M. R., and C. F. Niven. 1948. Aadno acid interrelation- 
ships in the nutrition of Streptococou* bovls. J. Baot., 5^, 
769-776. 

(100) Wilkins, W. H. 1945. Investigation* into the production of 
baoteriostatlo substances by fungi. Culture work on Basid- 
iomyoetes. Brit. Mycol. Soc. Trans., 28, 110-114. 



o 

U6 

(101) Wilkins, W. H. 1946. Investigations Into the production of 
bacteriostatic substanoss by fungi. Preliminary examination 
of the fifth 100 species, ell Baaidiomyeestes, moetly of the 
wood-destroying type, Brit. J„ Exp. Path., 2J, H-142. 

(102) Wolf, P. A., and P. T. Wolf. The fungi. New York: John Wiley 
and Son*, Inc. II, 8-11. 

(103) Wolpert, F. S. 1924. Studies in the physiology of the fungi. 
17. Growth of certain wood destroying fungi in relation to 
the hydrogen ion concentration of the media. Ann. Mo. Bot. 
Gard., Ji, 43-67. 

(104) Zell, S. M., H. «cbaits, end B. M. Duggar. 1919. Growth of 
wood destroying fungi on liquid media. Ann. Ho. Bot., Gard., 
137. 

BIBLIOGRAPHY B 
(REVIEW OF LITERATURE B) 

B. gttKOLjTK jQTiYm or saafcaga 
. (1) Birkinshaw, J.H. and Pindlay, W.P.K. 1940. Biochemistry of the 

wood-rotting fungi. 1. Metabolic products of Lentinus 
lepldeus Pr. Bioohem. J., 2it»  82-88. 

(^ ) (2) Birkinshawt  J.H. Pindlay, W.P.K. and .ebb, R.A. 1940. Biochemistry 
of the wood-rotting fungi, 2. A study of the acids produced 
by Conlophora cerebella. Pers. Biochem. J., 3J»I 906-16. 

(3) Boss, S.R, 1939 Ensyite8 of wood-rotting fungi. Ergebnisse der 
Ensyaforschung, Bd. 8, 267-76. 

(4) Bose,  S.L, and Sarkar,  <3.N.    1937   Ensymes of some wood-rotting 
Polypores. Proc. Roy. Soc. (London), Series B 123» 193-213* 

(5) Burkholder, P.R. and Siu, R.G.H. 1947 Fundamental aspects of 
the microbiological degradation of cellulose. Studies on 
the degradation of cellulose and derivatives by microorganisms. 
U.S. Quartermaster Depot, Philadelphia, Pa. Biological 
Laboratories Topical Report No. 23. 

(6) Gartwrlght, K. St. G. and Pindlay W.P.K. 1950. The Decay of Timber 
and its Prevention. Brooklyn, Chemical Publishing Co. 

(7) Clayson, K.H.E. 1943. Chemistry and Industry §£,  49-31. Cited 
by Greathouse, G.M. 1950. Microbiological degradation of 
cellulose. Tex. Res. J., gO, 227-238. 

(8) Darby, R.T. 1946. Resistance of some cellulose derivatives to the 
, . fungus Mvrothejlum verrucaria. Research Report from the Quar- 
| • termaster General Laboratories Microbiology Series. No. 10 



147 

(9) Doree, C. 1921 Action of sea water on cotton- and other textile 
(^) fibers. Biochem J., ££, 709-714. 

(10) Graasman, W., Zechmeister, L., Toth, G. and °tadler, R. 1933. 
Ober den enzymatischen Abbau der Cellulose and ihver Spalt- 
produkte. Ann* Chem. Berlin $03. 167, cited by Levinson, 
H.S. and Reese, E.T» 1950, Enzymatic hydrolysis of soluble 
cellulose derivatives as measured by changes in viscosity. 
J. Gen. Phys., 3Jb 601-26, 

(11) Greathouse, G.A. 1950 Microbiological degradation of cellulose. 
Tex, Res. J., 20, 227-238. 

(12) Harrow, B., Stone, G., Tagreich, K., Borek, E. end Mazur, A. 
1944. Laboratory Manual of Biochemistry. Philadelphia, 
'••'. B-  Saunders, 

(13) Jennison, B«W« 1948. The growth of wood-destroying fungi in 
aerated liquid culture. Proc. of Meetings, Soc. Am. 
Bacteriol., 1, (#1). 

(14) Jennison, M.ft. 1948 The growth of wood-rotting fungi in sub- 
merged culture. Am. J. Bot. 35, 801. 

(15) Kalnins, A., 1930 Acta Univ. Latviansis. Lauksaimnieclbas 
Fakultates {Ser. 1), 11, 221, cited by Norman, A.G. and Fuller, 

(~ W.H., 1942 Cellulose decomposition by microorganisms, adv. 
v Enzymnl, 2, 239-64. 

(16) LaFuze, H.H. 1937 Nutritional characteristics of certain wood- 
destroying fungi, Polyporus betulinus Fr., Fomes pjinicola 
(Fr.) Cooke, and Polystictus versicolor Fr. Plant Physiology, 
12, 625-46. 

(17) Levinson, H.S. and Reese, E. T. 1950 Enzymatic hydrolysis of 
soluble cellulose derivatives as measured by changes in vis- 
cosity. J. Gen. Phys., 3_3_, 601-28. 

(18) Nord, F.F. and Sciarini, L. J. 1946 On the mechanism of enzyme 
action. Part 27. Tha action of certain wood-destroying 
fung*i on glucose, xylose, rafflnose and cellulose. Arch* 
Biochem., %  419-37. 

(19) Nord, F.F. and Vitucci, J.C. 1947 Enzyme studies on the mechan- 
ism of wood decay. Nature, 160, 224-5. 

(20) Nord, F.F. and Vitucci, J.C. 1947 ?jizymatic hydrolysis of cellu- 
lose by Coniophora cerebella. Nature, 160. 261-2^ 

t 
(21) Nord, F.F. and Vitucci, J.C. 1947 On the mechanism of enzyme 

action. 29 The acetate metabolism of certain wood-destroying 
molds and the mechanism of wood decay. Arch. Biochem,, 14., 
229-41. 



148 

(22) Nord, F.F* and Vitucci, J.C. 1947 On the mechanism of enzyme 
f~) action. 30 The formation of methyl-p-methoxycinnanate by 

the action of Lentiaus lepideus on glucose and xyloses. Arch, 
Bioehem., jyfc, 243-47. 

(23) Nord, F.F. and Vitucci, J.C. 1947 On the mechanism of enzyme 
action. 31 The mechanism of methyl-p-methoxycinnamate 
formation by Lentinus lepideus and its significance in ligni- 
fication. Arch. Biocbem., 1£, 465-71, 

(24) Nord, F.F. and Vitucci, J.C. 1948 Certain aspects of the microbio- 
logical degradation of cellulose. Adv. Enssymol., 8, 253-98. 

(25) Norman, A.G. and Fuller, W. K. 1942 Cellulose decomposition by 
microorganisms. Adv. Enzyaol., 2, 239-64. 

(26) O'Neill, R.D. 1948 The growth and metabolism of wood-rotting 
fungi. Masters Thesis, Syracuse University. 

(27) Ott, E. Ed, 1943 Cellulose and Cellulose Derivatives. 
High Polymers. Vol 5. New York, Interscience Publishers, 

(28) Ploetz, T. 1939 uber einige Enzyme des Hausschwamms. (Merulius 
lacryaana.), 2, Mitteilung uber den enzymatischen Abbau polymer 
Kohlenhydrate. Kopp-Seyl. Zl, 261, 183-188, cited by Cartwright, 
K. St. G. and Findlay, w.p.K. 1950 Decay of Timber and its 

f~\ Prevention. Brooklyn,Chemical Publishing Co. 

(29) Pringsheim, H,, 1912 uber des fermentativen Abbau der Zellulose. 
Z, Physiolc Chem,, 28, 266. 

(30) Rabanus, A. 19.29 Mitt. dent. Forstverw., 2£, 77, cited by Nord, 
F.F. and Vitucci, J.C. 1948 Certain aspects of the micro- 
biological degradation cf cellulose. Adv. Enzymol., 8, 253-298. 

(31) Reese, E.T., Siu, R.G.H., and Levinson H.S. 1950 The biological 
degradation of soluble cellulose darivativea and its relation- 
ship to the mechanism of cellulose hydrolysis, J. Bact., j>9, 
485-97. 

(32) Saunders, P.R., Siu, R.G.H. and Genest, R.H, 1948 A cellu- 
lolytic preparation from Myrothecium verruoaria. J. Biol. 
Ctca,, 174, 697-703. 

(33) Schaffer, P.A. and Somogyi, M. 1933 Copper-iodometric reagents 
for sugar determination. J. Biol. Chem,., 10g, 695-713. 

(34) Schoitz, H. and Zeller, S. M. 1919 Studies in the physiology 
of the fungi. 6. The relation of bacteria to cellulose 
fermentation induced by fungi, with special reference to the 
decay of wood, Ann. Mo, Bot, Gard., 6> 93-136, 

( .• (35) Schmitz, K. and Zeller, 3. M. 1919 Studies in the physiology of the 
fungi. 9. Enzyme actiop in ArndjLlaria roellea Vahl., Daedalea 
confragosa (Bolt.) Fr. and Polyporus lusidus (Leys) Fr, Ann. 
Mo. Bot. Gard., 6, 193-200. 



149 

(36) Siu, R.G.H., Darby, R.T., Burkholder, P*R. and Barghoorn, E.S. 
,-x 1949 Specificity of microbiological attack on cellulose 
V )                 derivatives. Tex. Res. J., 12, 484-88. 

(37) Siu, R.G.H., Saunders, P,R. and C-enest, R.N. 1947 Fundamental 
aspects of the microbiological degradation of cellulose. 
Cellulolytic enzymatic preparation from Myrotheeium yerru- 
caria, U.S. Quartermaster Depot, Philadelphia, Pa. Bio- 
logical Laboratories. Topical Report No. 24. 

(38) Snieszko, S, and Kimball, N. 1933 Studies of the bacteria 
commonly found In association with the thermophillc cellu- 
lose-fermenting organisms. Zentralbl. Sfct., 2 Abt., 88, 
393-403. 

(39) Southam, CM. and Ehrlich, J. 1943 Effects of extract of western 
red-cedar heartwood on certain wood-decaying fungi in culture. 
Phytopath., 22, 517-24. 

(40) Vitucci, J.C., Pallares, E.S. and Nord, F.P. 1946 On the 
mechanism of enzyme action, Part 28. Application of 
resazurin to the study of dehydrogenatlons by certain 
Merulli and Fomes annosus^ Arch,* Biochem., 9, 439-49. 

(41) Waksman, S.A. 1944 Decomposition of cellulose end hemicellu- 
loses by microorganisms. In Wood Chemistry, L.E. Wise, Editor, 
Ch. 24. New York. Reinhold Publishing Co. 

(42) Walseth, C.S. 1948 Enzymatic hydrolysis of cellulose. (Doctors 
dissertation^ Lawrence College), Institute of Paper Chemistry, 
Appleton, Wisconsin. 114pp. 

(43) Wise, L.E. 1930 Is there one and only one cellulose? 
Cellulose, 1, 5-8„ 

(44) Wise, L.E. 1944 Editor, Wood Chemistry. Now York. Reinhold 
Publishing Co. 

(45) Zeller, S.1I. 1916 Studies in the physiology of the fungi. 
2. Lenzites saeplaria Fries, with special reference to 
enzyme activity. Ann. Mo. Bot, Gard., 3, 439-512, 

BIBLIOGRAPHY C 

C. NOT CITED IN REVIEW OF LITERATURE. 

Baily, I.W, and Vestal, M,R. 1937 The significance of certain 
wood-desitoying fungi in the stucty of enaymatic hydrolysis 
of cellulose. Jour, Arnold Arboretum; 18, 196-205. 

(~) Boswell, J.G. 1941 The biological decomposition of cellulose. 
^ New Phytologist, 40, 20-33. 



150 

Campbell. W.G. 1930 The chemistry, of the white rots of wood I. 
(~) The effeot on wood substance of Polystictus versicolor 

(Linn.) Fr. Sioohem. J.,~2&, 1235-43. 

Dorreil, W.W. and Page, R.M. 1947 The use of fragments mycelial 
inoculum in the culture of fungi. J. Bact., 53, 360-1. 

Fahraeua, G* 1941 The influence of glucose en the ability of some 
Cytophoga strains to decompose cellulose. Zentralbl. Bkt., 
II Abt., 104, 264-69. 

Pindlay, ^.P.KC 1941 Effect of addition of sugar on rate of decay of 
wood. Ann. Appl. Bid., 28, 19-22. 

V 

Fries, Nils 1938 Uber die Bedeutung von Wuchsstoffen fur das 
Wa^hstrum verschiedener Pilae. Svmbolae Botanicae Unsalien- 
sis, 3., (2), 1-189. 

Garren, K.H. 1938 Studies of Polyporua abietinus. I- The enzyme- 
producing ability of the fungus, Phytopath., 28, 839-45* 

Garren, K.H. 1938 Studies of Polyporus abletinus. II. The utili- 
zation of cellulose and lignin. Phytopath., 28, 675-78. 

Grassman, W. Stadler, R. and Bender, R. 1933 Zur Spezifitat cellulose- 
und hemicellulosespaltender Enzyme. 1. Mltteilung uber 

( enzymatlsche Spaltung von Polysacchariden. Annalen der 
Chemie, 502, 20-40. 

Greathouse, G.A., KLemme, D.E. and Barker, H«0. 1942 Determining the 
deterioration of cellulose caused by fungi* Improvements in 
methods. Ind. Eng. Ghenu, Anal. £d», I£, 614-20, 

Hungate. R-E. 1943 Quantitative analyses on the cellulose fermentation 
by termite protozoa. Ann. of the Entomological Soc. of 
America, |6, 730-739. 

Hungate, R.S. 1946 The symbiotic utilization of cellulose. Elisha 
Mitchell Sclent. Soc,, 6gs 9-24. 

Iwanoff, N.N, and Zwetkoff, E.S. 1936 The biochemistry of the fungi. 
Ann. Rev. Biochem., 5.1 585-612. 

Karrer, P. von and Schubert, P. 1926 Polysaccharide 35. Weitere 
Beitrage zum enzymatischen Abbau der Kunstaeide und nativer 
Cellulose, Helv. Chim. Acta., 9, 893-905. 

Karrer, P. von, Schubert, P. and Wehrli, W. 1925 Polysaccharide 33 
Uber enzymatischen Abbau von Kunatseide und nativer Cellu- 
lose. Helv. Chim. Acta., 8, 797-905. 

O Lavine, T.F. 1946 A study of the enzymatic and other properties of 
the crystalline style of clams: evidence for the presence of 
a celiulaae. J. Cell & Comp. Physiol., 28, 183-95. 



o 

151 

Nutman, F.J. 1929 Studies of wood-destroying fungi. I. Polyporua 
hispidus (Fries). Ann. Appl. Biol., 16_, 40-64. 

Olson, F.R., Peterson, W.H. and Sherrard, E.G. 1937 Effect of 
lignin on fermentation of cellulosic materials. Ind. Eng, 
Chem., 29., 1026-29. 

Preston, A. and McLennan, E.I. 1948 The use of dyes in culture 
media for distinguishing brown and white wood-rotting fungi* 
Ann. 3ot., 12, 53-64. 

Rege, R-D, 1927 Bio-chemical decomposition of cellulosic materials, 
with special reference to the action of fungi. Ann. Appl. 
Biol., 14, 1-43. 

Sinden, J«W«j Mix, A.J. and Siu, R.G.H, 1948 Effect of environment 
and aineral nutrition on cellulolytic activity of fungi. 
U.S. Quartermaster Depot, Phila. Pa. Microbiological Series 
Report No. 8. 

Tetrault, P,A. 1929 The deocmposition of cellulose in nature. 
Proc. Indiana Acad. Sci., 22, 137-51. 

Thaysen, A.C. and Bunker, H.J. 1927. The Microbiology of Cellulose, 
Hemicellulose? Fectin and Gums. Oxford University Press. 
London, England. 

(^ ) Trager, W. 1932 A cellulase fro«n the symbiotic intestinal flagal- 
lates of termites and of the roach, Cryptocerus punctulatus. 
Biochem. J., 26, 1762-71. 

Virtanen, A.I. 1946 Fermentation of wood-dust by cellulose bacteria* 
Nature, 15JJ, 795. 

Virtanen, A.I., and Hukki, J. 1946 Therraophilic fermentation of 
wood. Suomen Kemistilehti, B 1J, 3-13. 

Yteksman, S^A* 1940 Ths microbiology of cellulose decomposition and 
some economic problems involved. Bot. Rev., 6, 637-65. 

"feidenhagen, Rudolf. 1941* Glukanasen. Ja Die Methoden der Ferment- 
forschuag. Edited by Eugon Bamann and Karl Myrback. Bd. 2, 
1903-9. Leipzig, Georg Thieme. 

C 


	0004
	0005
	0006
	0007
	0008
	0009
	0010
	0011
	0012
	0013
	0014
	0015
	0016
	0017
	0018
	0019
	0020
	0021
	0022
	0023
	0024
	0025
	0026
	0027
	0028
	0029
	0030
	0031
	0032
	0033
	0034
	0035
	0036
	0037
	0038
	0039
	0040
	0041
	0042
	0043
	0044
	0045
	0046
	0047
	0048
	0049
	0050
	0051
	0052
	0053
	0054
	0055
	0056
	0057
	0058
	0059
	0060
	0061
	0062
	0063
	0064
	0065
	0066
	0067
	0068
	0069
	0070
	0071
	0072
	0073
	0074
	0075
	0076
	0077
	0078
	0079
	0080
	0081
	0082
	0083
	0084
	0085
	0086
	0087
	0088
	0089
	0090
	0091
	0092
	0093
	0094
	0095
	0096
	0097
	0098
	0099
	0100
	0101
	0102
	0103
	0104
	0105
	0106
	0107
	0108
	0109
	0110
	0111
	0112
	0113
	0114
	0115
	0116
	0117
	0118
	0119
	0120
	0121
	0122
	0123
	0124
	0125
	0126
	0127
	0128
	0129
	0130
	0131
	0132
	0133
	0134
	0135
	0136
	0137
	0138
	0139
	0140
	0141
	0142
	0143
	0144
	0145
	0146
	0147
	0148
	0149
	0150
	0151
	0152
	0153
	0154
	0155
	0156
	0157
	0158
	0159

